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11.1 Introduction 

This section assesses the risk of a maximum foreseeable accidental hydrocarbon release occurring from 
the Kyla Development well and the potentially significant environmental and socio-economic effects 
that could occur as a result. It also details the control and mitigation measures that will be implemented 
to both reduce the risk of an incident occurring and limit the potential impacts in the event that a spill 
did occur. It should be noted that in planning its activities, a primary focus of Serica is to ensure that all 
practicable measures are taken to prevent the occurrence of accidental events and, should they occur, 
mitigate their effects. The risk of an accidental release of hydrocarbons occurring from the Kyla 
Development well will be minimised through the implementation of physical barriers such as safety 
valves, maintenance to minimise leaks, and the implementation of handling and operational 
procedures and training to influence human behaviours. Measures to respond to a spill from the Kyla 
field if an incident did occur will be covered in an OPEP, approved by the Offshore Major Accident 
Regulator (OMAR) under The Merchant Shipping (Oil Pollution Preparedness, Response and 
Cooperation) Regulations 1998 (as amended) in advance of the proposed development operations 
commencing. 

11.2 Sources and Likelihood of Accidental Releases 

11.2.1 Kyla Hydrocarbon Release Scenarios 

The following is a list of potential hydrocarbon release scenarios associated with the Kyla Development 
well: 

Uncontrolled well blowout; 

Diesel spillage from MODU or vessel; 

Pipeline rupture and subsequent release of liquid hydrocarbon inventory to sea. 

The likelihood of these unplanned events occurring is discussed below, using the Likelihood of 
Occurrence criteria defined in Section 5.3.2. 

Likelihood of a Well Blowout 

A blowout is an extremely rare event where total failure of all control systems and related processes 
can result in an uncontrolled release of oil or natural gas (or a mixture of the two) as a result of BOP 
failure. 

Following the 2009 Montara and the 2010 Deepwater Horizon/Macondo well control incidents, EU 
Directive 2013/30/EU on the safety of offshore oil and gas operations came into force, which is 
implemented in the UK through the Offshore Installations (Offshore Safety Directive) (Safety Case etc) 
Regulations 2015 (SCR 2015). The main aim of SCR 2015 is to reduce the risks from major accident 
hazards, such as a blowout, to the health and safety of the workforce employed on offshore 
installations or in connected activities. In addition, SCR 2015 also aims to increase the protection of the 
marine environment and coastal economies against pollution and ensure improved response 
mechanisms in the event of such an incident. 

Table 11.1 presents North Sea blowout frequencies for various development, production and well 
intervention activities which are relevant to the proposed Kyla Development. This indicates that for 
development drilling (for an oil well), the blowout frequency is extremely low at 3.4 x 10-5 per annum 
for an oil well.  

In summary, given the above, the likelihood of a blowout occurring at the Kyla field is considered to be 
Extremely Rare. 

An uncontrolled and unmitigated well blowout scenario is considered to result in the largest, volume 
of hydrocarbons released to sea from the proposed Kyla Development well (a cumulative release of 
867,860.89 m3 of 37.8°API crude oil over a period of 132 days) and has therefore been subject to oil 
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spill modelling and assessed in the following sections. The Kyla oil spill modelling study is presented in 
full in Appendix F and a summary of the modelling parameters and key results are detailed below in 
Section 11.3.2. Of note, the modelling has been completed in line with the OPRED Guidance Notes for 
Preparing OPEPs for Offshore Oil & Gas Installations and Relevant Oil Handling Facilities (Revision 7: 
June 2022). 

Table 11.1: Blowout Frequencies (data from IOGP, 2019) 

Operation 
Well 

Category 
Frequency, 

Average Well
Frequency, 

Gas Well 
Frequency, 

Oil Well 
Unit 

Development 
Drilling 

Normal 3.9 x 10-5 4.2 x 10-5 3.4 x 10-5 per drilled well 

Completion - 2.1 x 10-4 2.8 x 10-4 1.4 x 10-4 per operation

Workover - 3.0 × 10-4 4.0 × 10-4 2.0 × 10-4 per operation 

Producing 
Wells Note 1 - 3.7 × 10-5 7.2 × 10-5 2.1 × 10-5 per well year 

Note 1: Excludes external causes such as ship collisions 

Likelihood of a MODU or Vessel Collision 

During the Kyla Development there is the potential for a MODU and/or vessel collision, resulting in the 
entire loss of diesel (fuel oil) inventory (which is typically around 3,500 m3 for a semi-sub MODU). The 
risk of collision will be highest when the MODU is on location at Kyla, although shipping densities are 
low in the area. A vessel traffic survey (VTS) will be undertaken to inform the CtL permit application, 
which is required to site the MODU and subsea infrastructure at the Kyla location. A CRA may also be 
undertaken if considered necessary. 

In addition, information on the location of the MODU, 500 m safety zone, subsea infrastructure and 
vessel operations will be communicated to other sea users (via the United Kingdom Hydrographic Office 
(UKHO)) through the standard communication channels including Kingfisher, Notice to Mariners and 
Radio Navigation Warnings. 

The pipeline laying vessels could pose a short term obstruction to shipping and navigation. However, 
the vessels will be moving continually along the proposed pipeline route during the installation period 
so any obstruction will be of very short duration and long term exclusion from any one area will not 
occur. Vessels involved in installation operations will also update their marks, lights and navigational 
status broadcast on AIS to indicate to other vessels when they are restricted in manoeuvrability. This 
will assist any passing vessels that encounter the installation vessels. In addition, in the event that 
pipelay operations are ongoing when the MODU is on location at the Kyla Development well, a 
Simultaneous Operations (SIMOPS) plan will be developed to reduce the potential for a collision 
incident to occur. 

Given the above, the likelihood of a MODU or vessel collision is considered to be Unlikely. As the loss 
of diesel inventory is small compared to the well blow out scenario, it is not considered further in this 
assessment. 

Likelihood of a Pipeline Rupture 

Accidental releases of hydrocarbons from subsea pipelines are most likely to occur as a result of 
structural failures of equipment (i.e. internal corrosion for rigid pipelines and stress corrosion cracking 
for flexible pipelines). Releases due to impact damage are considered rare. 

Table 11.2 details the number of Loss of Containment (LOC) events for hydrocarbon pipelines, risers 
and jumpers on the UKCS during a 20-year period from 2001 to 2020, with an estimate of LOC 
frequencies for operating pipelines outside of the 500 m safety zone provided in Table 11.3. 
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Table 11.2: Number of LOC Events (2001-2020) (PARLOC, 2024) 

Pipeline 
Type 

Number of LOC Events 2001-2020 

Pipeline  
(excluding jumpers) 

Risers  Jumpers  

Rigid  16 6 7 

Flexible  9 4 11 

Table 11.3: Estimated Pipeline Loss of Containment Frequencies (PARLOC, 2024) 

Pipeline LOC frequencies outside the 500 m safety zone of a production installation for  
different pipeline lengths 

Pipeline length  
(per km-year) 

0 km to 3 km 
3 km to 10 

km 
10 km to 30 

km  
30 km to 
100 km  

>100 km 

Rigid Pipeline 4.3 x 10-4 4.3 x 10-4 7.7 x 10-5 1.8 x 10-5 1.1 x 10-5

Flexible Pipeline 1.1 x 10-3 No data 

For rigid pipelines in the 10 km to 30 km length category representative of the proposed Kyla pipeline 
system, the estimated LOC frequency is 7.7 × 10-  per km-year, indicating an extremely unlikely event 
to occur. 

The largest release scenarios would involve the loss of containment of the entire inventory of the 
pipeline; however these types of events are rare. Data from the Worldwide Offshore Accident Database 
(WOAD) for the period from 1970 to 2007 indicates that worldwide there have only been two major 
accidents resulting in the total loss of inventory from a pipeline. Both of these events were recorded in 

2010). 

In summary, the likelihood of a pipeline rupture is considered to be Extremely Rare. Significant leakage 
is estimated to be a short-term event, occurring over a period of a day(s). The total volume of oil 
released is considerably less than the well blowout scenario which has been modelled and is therefore 
not considered further in the impact assessment. 

It is acknowledged that the Kyla production pipeline and gas lift line also include gas, which would be 
released in the event of a pipeline rupture. This would result in the increased concentration of 
greenhouse gas (GHG) emissions in the atmosphere, further contributing to the effects of climate 
change, and could cause short term air quality impacts. The potential environmental effects from 
gaseous emissions generated from the Kyla Development are discussed in Section 9 of the ES and have 
not been considered further in this Section given the unlikely and one-off nature of a pipeline rupture 
event.
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11.3 Fate of Spills in the Marine Environment

11.3.1 Oil Properties and Weathering Processes

When oil is spilled at sea it normally spreads out and moves on the sea surface with the wind and 
currents. At the same time, a number of natural processes take place; collectively termed weathering, 
these processes change the physical and chemical properties of the oil and determine its fate in the 
marine environment. The weathering of oil depends on the chemical and physical properties of the oil 
(e.g. density, viscosity, wax content and pour point), the weather conditions (e.g. wind, waves, 
temperature and sunlight) and the properties of the seawater (e.g. salinity, temperature and bacterial 
flora).

The ITOPF has ranked oils according to their physical characteristics (API/SG) and likely spill behaviour 
(Table 11.4). The hydrocarbon present in the Kyla reservoir is predominantly going to resemble an 
ITOPF Group 2 crude oil (based on a density of 
0.8365 g/cm3 @ 15°C and API of 37.8°) that does not form a stable emulsion (refer to Appendix F.6.3). 
Light crude oils such of these are more susceptible to evaporation and oxidation and consequently 
reduce faster over time compared to heavier oils.

Table 11.4: ITOPF Categories and Characteristics

Group
Specific 
Gravity

API Viscosity (cSt) Typical Examples Scale

1 < 0.8 > < 3 Gasoline products
Light

Heavy

2 0.8 - 0.85 - 4 (semi solid) Diesel-like products, light crude

3
0.85 -
0.95

- 8 (semi solid)
Medium crude, North Sea crude 

(e.g. Forties)

4 > 0.95
1,500 

(semi solid)
Heavy crude and residual oils

There are eight main oil weathering processes: spreading, evaporation, dispersion, emulsification, 
dissolution, sedimentation, oxidation, and biodegradation. The effects of spreading, evaporation, 
dispersion, emulsification and dissolution are most significant early on in a spill whilst oxidation, 
sedimentation and biodegradation are more significant later (Figure 11.1) (ITOPF, 2014b).

Over time, as a consequence of weathering, an oil spill will normally break up and begin to dissipate 
into the marine environment. Lighter products such as the Kyla crude oil (and diesel) under most 
conditions, evaporate and dissipate quickly and naturally.

Figure 11.1: Oil Weathering Process
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11.3.2 Oil Spill Modelling 

Although extremely rare, a well blowout event is considered to be the largest accidental release 
scenario that could occur at the Kyla Development. Therefore, in order to gain an understanding of the 
fate of the Kyla crude oil in the marine environment a subsea blowout has been modelled using the 
OILMAP software. Table 11.5 summarises the blowout scenario information and model setup 
parameters. 

Table 11.5: Summary of Blowout Scenario Parameters (Kyla Development) 

Parameter Summary 

Scenario Description 

Scenario type 
Subsea well blowout (Kyla Development) with a declining flow rate; 
relief well assumed required 

Volume of oil released 

Cumulative release of 5,458,587.90 bbl (867,860.89 m3) of 37.8°API 
crude oil, over a period of 132 days 

(Declining release: 49,857 bbl/day on Day 1; 32,854 bbl/day on Day 132) 

Justification for largest 
release volume 

Represents maximum credible blowout volume assuming flow can only 
be stopped via relief well drilling (132 days) 

Hydrocarbon Properties 

Oil type 37.8°API crude oil that does not form a stable emulsion 

Modelling analogue Amended Chayvo #6 crude (ITOPF Group 2) 

Key oil properties 
Density 0.8365 g/cm³ @15°C; API 37.8°; viscosity 19 cP @ 0°C / 4 cP @
15°C; pour point 3°C; wax 7%; asphaltenes 0.15%

Release & Simulation Parameters 

Release depth  90 m (subsurface) 

Release duration 132 days 

Persistence after 
cessation 

Modelled for 10 days post-release. 

Simulation period 142 days 

Metocean Inputs

Sea surface temperature 7°C (winter), 14°C (summer), 9°C (spring), 10°C (autumn)

Wind data 
European Centre for Medium-Range Weather Forecasts (ECMWF) -
Reanalysis v5 (ERA5); date range: 2019  2023. 

Current data 
HYCOM (HYbrid Coordinate Ocean Model) general ocean circulation 
model and HYDROMAP hydrodynamic model; date range: 2019  2023. 

Stochastic Setup 

Number of runs 100 runs per season 

Probability grid 1 km × 1 km horizontal; 500 m vertical.

Minimum oiling 
thresholds 

Surface: 0.0003 mm; Shoreline: 0.001 mm; Water column: 1 ppb. 
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Table 11.5 details the largest release scenario for the Kyla field in terms of both the volume of 
hydrocarbons which would be released and the duration of the spill (i.e. it assumes a relief well would 
need to be drilled to bring the well back under control). It should be noted that this is an extreme 
scenario that assumes the complete failure of all control and preventative measures. In a real situation, 
steps would immediately be taken to stem the flow of hydrocarbons and in the event of a well control 
incident bring the well back under control. A counter-pollution response strategy would also be 
developed and initiated to minimise the impact to the marine environment. 

The oil spill modelling has been undertaken with the use of OILMAP, an advanced oil modelling tool 
developed and licensed by RPS ASA, which provides predictions of the fate and transport of spilled 
hydrocarbons and calculates the probability of key areas being impacted. 

To simulate a range of possible metocean conditions, stochastic results were calculated from over 100 
trajectory runs per season. This provides insight into the range of probable behaviours of a potential 
oil spill in response to varying meteorological and oceanographic conditions in the study area. 
Stochastic modelling computes surface and subsurface trajectories for an ensemble of many individual 
cases for each spill scenario. Each individual simulation start time is selected randomly, thus sampling 
the variability in the wind and current forcing. The stochastic model results that have been reported in 
the assessment include the following: 

The probability and minimum time for surface oiling (with a minimum thickness threshold of  

threshold value is required by the OPEP guidance notes (OPRED, 2022) and is the chosen value 
for when potential significant environmental impacts may begin to occur. 

The probability and minimum time for water column oiling (with a minimum concentration 
threshold of 1 ppb). A concentration of oil in water above 1 ppb is the minimum threshold 
identified for screening potential effects on sensitive organisms and socio-economic activity 
(e.g. seafood production). 

The probability and minimum time for shoreline oiling (with a minimum thickness threshold of 

on socio-economic resource uses, as this amount of oil may conservatively trigger the need for 
shoreline clean-up on amenity beaches (French-McCay, et al. 2011 and French-McCay, et al. 
2012). 

It is important to note that the stochastic modelling results do not represent a single spill event, and 
instead shows the aggregation of results computed by running the spill scenario multiple times (i.e. 100 
times per season) over different weather and metocean conditions. 

To analyse single spill scenarios, trajectory modelling was undertaken for each season by extracting the 
worst case simulation run from the stochastic results. The worst case trajectory simulation was 
identified by the greatest mass of shoreline oiling at any one location after 142 days. The trajectory 
modelling enables fates analysis on the released oil over time. 

The input parameters and modelling results are presented in full in Appendix F. A summary of the key 
conclusions has been provided below. 
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Stochastic Modelling Results 

Summary of Results 

Table 11.6 summarises the stochastic results for a subsea well blowout in the Kyla field across all 
seasons, reporting the minimum arrival time and probability of oil to reach land and the territorial 
waters of nearby countries. 

Table 11.6: Summary of Stochastic Modelling Results 

Subsea Well Blowout in the Kyla Field 

Spill Scenario / Descriptor: 5,458,587.90 bbl (867,860.89 m3) of Crude Oil (37.8 °API) released over 132 days

Season 
Winter 

(December 
February)

Spring 
(March  May) 

Summer 
(June  August) 

Autumn
(September 
November)

Median Crossing Note 1

Median Line Surface Oil: Probability and Shortest Time to Reach (Minimum Thickness of 0.3

Netherlands 

Maximum 
Probability

41 % 2 % 1 % 17 % 

Shortest 
Arrival Time

38 days 136 days 129 days 68 days 

Germany 

Maximum 
Probability

56 % 3 % 1 % 28 % 

Shortest 
Arrival Time

32 days 111 days 103 days 62 days 

Denmark 

Maximum 
Probability

83 % 20 % 17 % 83 % 

Shortest 
Arrival Time

16 days 32 days 37 days 28 days 

Norway 

Maximum 
Probability

100 % 100 % 100 % 100 % 

Shortest 
Arrival Time

3 days 6 days 8 days 4 days 

Sweden 

Maximum 
Probability

54 % N/A 6 % 69 % 

Shortest 
Arrival Time

25 days N/A 71 days 39 days 

Median Line
Subsurface Oil: Probability and Shortest Time to Reach 

(Minimum Water Column Concentration 1.0 ppb)

Netherlands 

Maximum 
Probability

53 % 2 % 5 % 68 % 

Shortest 
Arrival Time

35 days 130 days 112 days 48 days 

Germany 

Maximum 
Probability

78 % 12 % 6 % 72 % 

Shortest 
Arrival Time

23 days 108 days 106 days 48 days 

Denmark 

Maximum 
Probability

91 %  58 % 79 % 100 % 

Shortest 
Arrival Time

15 days 31 days 36 days 29 days 

Norway 

Maximum 
Probability

100 % 100 % 100 % 100 % 

Shortest 
Arrival Time

3 days 5 days 7 days 4 days 

Sweden 

Maximum 
Probability 

74 % 20 % 54 % 100 % 

Shortest 
Arrival Time 

24 days 97 days 64 days 38 days 
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Landfall Note 1

Predicted 
Locations

UK 

UK (mainland) 

Maximum 
Probability 

34 % 39 % 7 % 9 % 

Shortest 
Arrival Time 

53 days 27 days 23 days 30 days 

Shetland 

Maximum 
Probability 

5 % 12 % 3 % 9 % 

Shortest 
Arrival Time 

93 days 62 days 91 days 40 days 

Orkney 

Maximum 
Probability 

8 % 7 % 2 % 5 % 

Shortest 
Arrival Time 

79 days 51 days 87 days 56 days 

UK Counties at Greatest Risk Note 2

Aberdeenshire 

Maximum 
Probability 

34 % 39 % 7 % 3 % 

Shortest 
Arrival Time 

53 days 27 days 46 days 32 days 

City of 
Aberdeen 

Maximum 
Probability 

28 % 32 % 4 % 7 % 

Shortest 
Arrival Time 

71 days 28 days 51 days 33 days 

Kincardineshire 

Maximum 
Probability 

33 % 32 % 5 % 3 % 

Shortest 
Arrival Time 

64 days 28 days 23 days 30 days 

Angus 

Maximum 
Probability 

29 % 28 % 3 % 2 % 

Shortest 
Arrival Time 

78 days 38 days 74 days 30 days 

Fife 

Maximum 
Probability 

22 % 33 % 2 % 2 % 

Shortest 
Arrival Time 

81 days 41 days 72 days 58 days 

International 

Germany 

Maximum 
Probability 

3 % N/A N/A 2 % 

Shortest 
Arrival Time 

56 days N/A N/A 83 days 

Denmark 

Maximum 
Probability 

57 % 3 % 2 % 75 % 

Shortest 
Arrival Time 

34 days 101 days 77 days 45 days 

Norway 

Maximum 
Probability 

27 % 2 % 11 %  36 % 

Shortest 
Arrival Time 

32 days 96 days 65 days 47 days 

Sweden 
Maximum 
Probability 

22 % N/A 2 % 40 % 
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Shortest 
Arrival Time 

27 days N/A 139 days 44 days 

Note 1: Shortest arrival time and maximum probability values are not necessarily linked to the same run. The results represent a worst case 
scenario for each feature based on the analysis of all model runs. 
Note 2: A breakdown of the maximum probability and shortest arrival time for each UK County to be impacted by shoreline oil is displayed 
in Appendix F (Table F.6). 

Surface Oiling 

Table 11.7 reports the maximum distance that the surface oil slick may occur from the Kyla release 
location for each of the BAOAC 2  5 thresholds. This data is displayed graphically in Figure 11.2. 

Table 11.7: Surface Oiling by BAOAC Thresholds 

Code
Description 
Appearance 

Layer Thickness 
Interval (µm)

Litres per km2 Max Distance from 
the Release Location 

2 Rainbow 0.30 to 5.0  300  5000 909 km 

3 Metallic 5.0 to 50  5000  50,000 872 km 

4 
Discontinuous True 
Oil Colour 

50 to 200 50,000  200,000 93 km 

5 
Continuous True Oil 
Colour 

More than 200 More than 200,000 68 km 

Surface oiling is predicted to occur predominantly within UK waters, extending eastwards towards the 
Norwegian Trench and Skagerrak region, with lower-probability patches extending south and southeast 
under some seasonal conditions. The modelling results indicate a 100 % probability of surface oil, at a 
minimum thickness of 0.3 µm, crossing the UK / Norway median line in all seasons (Table 11.6; Figure 
11.3). 

A high probability (up to 83 %) of surface oiling is predicted in Danish waters, while moderate 
probabilities (up to 56 % and 69 %) occur in German and Swedish waters respectively (Table 11.6). The 

 (Table 11.6). 
Seasonal variability is notable, with the greatest transboundary transport predicted in winter and 
autumn, reflecting enhanced wind-driven spreading and deeper mixing during these periods. 

to be 78 hours (3 days), corresponding to oil crossing the UK / Norway median line during winter 
conditions. 

Model outputs predict that only UK waters are likely to experience BAOAC 5 (Continuous True Oil 
Colour) and BAOAC 4 (Discontinuous True Oil Colour) surface oiling. In contrast, BAOAC 3 (Metallic) and 
BAOAC 2 (Rainbow) thresholds may be reached within Dutch, German, Danish, Norwegian and Swedish 
waters (refer to Figure 11.2). Overall, the model predicts that surface oil is most extensive during 
autumn and winter. 
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Subsurface Oiling 

Table 11.8 presents the water column oil concentration thresholds that have been used in the 
modelling study to help determine subsurface oiling severity in the spatial context. 

Table 11.8: Water Column Oil Concentration Thresholds 

Threshold for 
Water Column 
Oil Concentration 
(ppb)  

Threshold Justification 
(refer to Appendix F for detailed justification) 

1 
Screening threshold (Minimum Water Column Concentration modelled) (Trudel, 
1989; French-McCay, 2002; French-McCay, 2004; French-McCay, et al., 2012). 

70.5 
OSPAR recommended predicted no-effect concentration (PNEC) threshold for 
marine fauna (Smit et al., 2009; OSPAR, 2014) 

A minimum water column concentration of 1 ppb has been used in the modelling study to determine 
the probability and minimum time for oiling subsea. This concentration is exceeded out to a maximum 
distance of 1,366 km from the release location. 

Subsurface oiling concentrations are predicted to be highest (>70.5 ppb) over wide areas of the CNS, 
extending predominantly eastwards and south-eastwards into the Norwegian Trench and Skagerrak 
region. Elevated subsurface concentrations in the Skagerrak region are attributed to the bathymetric 
depression and persistent stratification in this area, which can trap and retain hydrocarbons within 
deeper water layers transported from the North Sea. These oceanographic conditions reduce vertical 
mixing and promote the accumulation and persistence of oil within the water column (Rodhe, 1996; 
Danielssen et al., 1997; Winther and Johannessen, 2006; OSPAR Commission, 2014; Howarth, 2001) 
(Figure 11.4). The maximum area at risk of oiling at these higher concentrations is 495,957.80 km2 at 
the release location and the surrounding area.  

Model results indicate a 100 % probability of subsurface oil, at concentrations exceeding 1 ppb, crossing 
the UK / Norway median line under all seasonal conditions. There is also a high probability (100 % in 
autumn) of subsurface oil entering Danish and Swedish waters. Probabilities within German waters 
range from 6 78 %, while Dutch waters exhibit lower probabilities ranging from 2 68 % (Table 11.6; 
Figure 11.5). 

The minimum time for subsurface oil at a concentration greater than 1 ppb to leave UK waters is 
approximately 74 hours (3 days), corresponding to oil crossing the UK / Norway median line in winter 
conditions.  
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Shoreline Oiling 

Table 11.9 presents the shoreline oiling thickness (and corresponding concentration) thresholds that 
have been used in the modelling study to help determine shoreline oiling severity in the spatial context. 

Table 11.9: Shoreline Oil Thickness Thresholds 

Shoreline Oiling Severity  
(ITOPF, 2014) 

Thickness Threshold (mm) Concentration 

Light Oiling 0.001  <1 0.001  1 litres/m2 

Moderate Oiling 1  10 1  10 litres/m2

Heavy Oiling >10 >10 litres/m2

The stochastic modelling predicts that shoreline oiling could occur along parts of the UK coastline, 
primarily affecting the northeast of Scotland, with the highest probabilities along the Aberdeenshire 
and Kincardineshire coasts. The probability of shoreline oiling in UK waters varies seasonally, peaking 
during spring (up to 39 %) and winter (34 %), with minimum arrival times of 637 hours (27 days) in 
spring and 1,260 hours (53 days) in winter (Table 11.6). The greatest likelihood of shoreline contact 
occurs along the Aberdeenshire coast, where modelling indicates moderate shoreline oiling thickness 
thresholds are reached. Adjacent coastlines such as Angus, Fife, and the City of Aberdeen exhibit lower 
probabilities (typically 28 33 %) with light to moderate oiling severity. Further south, the probability of 
oil reaching shore decreases markedly, with only isolated moderate oiling predicted for the Firth of Tay 
and Firth of Forth areas in spring and winter. No moderate oiling thresholds are predicted for English 
coastlines (refer to Figure 11.6, Figure 11.7 and Table F.6 in Appendix F for a full breakdown of the UK 
counties impacted by shoreline oiling). 

In northern Scotland, Shetland and Orkney show lower probabilities of shoreline oiling, with a 
maximum of 12 % and 8 %, respectively, and minimum arrival times of 955 hours (40 days) (Shetland) 
and 1,219 hours (51 days) (Orkney). These results indicate that oil reaching the northern isles would 
likely be weathered and patchy, corresponding to light oiling and limited moderate oiling (Table 11.6, 
Figure 11.6 and Figure 11.7). 

Outside the UK, the stochastic modelling predicts that shoreline oiling could occur across several other 
countries bordering the North Sea, including the coasts of Denmark, Norway, Sweden, and, to a much 
lesser extent, Germany, with the probability and severity varying between seasons. The Danish 
coastline shows the greatest potential for transboundary shoreline contact, with maximum 
probabilities of 75 % in autumn and 57 % in winter, and minimum arrival times of 1,070 hours (45 days) 
and 818 hours (34 days), respectively (Table 11.6). Oiling along the north-west Jutland and Skagerrak 
coasts is generally predicted to be of light to moderate severity. Moderate shoreline oiling is most likely 
to occur where currents converge along the Hanstholm Hirtshals section and in shallow embayment
of the northern Kattegat, where residual circulation may retain floating residues (Figure 11.6). 

To a lesser extent, shoreline oiling is also predicted for Norway and Sweden, reflecting the north-
easterly drift of surface oil through the Skagerrak region. For Norway, probabilities peak at 36 % in 
autumn, with the shortest arrival time of 762 hours (32 days) occurring in winter (Table 11.6). The 
severity of oiling along the south-west Norwegian coast, particularly between Stavanger and 
Fredrikstad, is expected to be light to moderate, reflecting the transport of oil through the Norwegian 
Trench and Skagerrak. For Sweden, shoreline oiling is predicted in autumn (40 %) and winter (22 %), 
with earliest arrival times of 643 hours (27 days) and 1,060 hours (44 days), respectively (Table 11.6). 
These results suggest a seasonal influence, with enhanced eastward transport and limited weathering 
during the cooler months promoting increased potential for oil to reach the Scandinavian coastlines. 
The shoreline oiling is predicted primarily along the west coast between Gothenburg and Strömstad, 
with light to moderate severity thresholds reached (Figure 11.6). 

Germany shows the lowest potential for shoreline contact, with probabilities of only 2 3% during 
winter and autumn and arrival times exceeding 1,351 hours (56 days), indicating delayed and highly 
weathered oil residues which correspond to light severity oiling (Table 11.6, Figure 11.6 and Figure 
11.7). 
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Worst Case Trajectory Results Summary 

Worst case trajectory simulations were identified per season by the greatest mass and volume of oil 
beached in any one location, as detailed in Table 11.10. The worst case trajectory simulations have 
been displayed graphically in Appendix F showing the total swept area of surface and shoreline oiling. 

Table 11.10: Worst Case Trajectory Simulations Identified from Stochastic Results 

Season Run No 

Greatest Mass &Volume of Oil 
Beached (in any one location) Sim Start 

Date 
Sim Start 

Time 
Time (hrs) to 

Impact 
tonnes m3 bbl 

Winter 33 10,225.81 12,030.36 75,662.67 03/12/2019 00:00 982 

Spring 52 2,237.48 2,632.33 16,555.53 19/03/2021 15:00 1,485 

Summer 81 519.96 611.72 3,847.28 05/08/2023 23:00 2,187 

Autumn 34 6,096.93 7,172.86 45,112.32 08/11/2019 09:00 1,512 

Table 11.11 provides summary statistics for each of the worst case trajectory simulations. It can be 
seen from this that the maximum surface slick area ranges between 6,772  21,840 km2 across all 
seasons, although this is short lived due to relatively high evaporation rates. 

The fate of released oil after 142 days is consistent between seasons. The released oil does not persist 
in the marine environment with the majority evaporated (40.15  44.25 %) and degraded  
(38.11  41.77 %) after 142 days. A lower proportion (16.50  17.63 %) of released oil remains in the 
water column after 142 days. The trajectory simulations predict very low percentages of oil ashore 
(0.05  0.88 %) and on the sea surface (0.02  0.68 %), and zero oil in the sediment after 142 days (refer 
to Table 11.11). 

Figure 11.8 depicts the temporal fate (mass balance) of the released oil for the winter trajectory, the 
worst case season for shoreline oiling. At no point does surface oil exceed 17,417 tonnes, and the water 
column fraction remains below 147,248.2 tonnes. 

The seabed sediment is subject to an undetectable amount of oiling during the spill duration. 

Table 11.11: Fate Analysis Summary for Trajectory Simulations 
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Winter 33 2 hrs 21,840 km2 643 hrs 617 km 0.88 0.68 16.50 40.25 41.70 0.00 

Spring 52 2 hrs 14,035 km2 637 hrs 206 km 0.20 0.25 17.19 44.25 38.11 0.00 

Summer  81 2 hrs 6,772 km2 561 hrs 68 km 0.05 0.11 17.63 42.15 40.06 0.00 

Autumn 34 2 hrs 13,926 km2 710 hrs 395 km 0.58 0.02 17.35 40.27 41.77 0.00 
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Vertical Profile Modelling 

Vertical profile modelling (Appendix F, Section F.5) was undertaken using the OILMAP Deep module to 
simulate the near-field plume behaviour and far-field water column transport of oil released during a 
subsea blowout in the Kyla field. It is important to note that the near-field plume represents a highly 
localised zone of turbulent jet mixing, typically on the metre-scale, whereas the far-field model 
represents the wider, kilometre-scale transport and dispersion of oil droplets under varying current 
and seasonal conditions. 

The near-field plume represents the region immediately surrounding the blowout release where jet 
momentum and buoyancy control initial rise. The OILMAP Deep results show the initial near-field 
plume rises to a termination height of 89.55 m (reaching near the sea surface) in 33 seconds, with a 
maximum plume radius of ca. 6.6 m (maximum width ca. 13 m). The peak oil concentrations are 
predicted at the plume core on the order of ca. 41,000 44,000 ppb. Beyond this narrow near-field zone 
the plume transitions to the far-field model, where oil droplets fallout, ambient shear and advection 
dominate and lead to rapid dilution and lower oil concentrations over much wider areas. 

The far-field model considers the buoyant rise of oil droplets through the water column under the 
influence of stratification, turbulence, and ambient currents. The results indicate that the highest oil 
concentrations (>10,000 ppb total hydrocarbon concentration) occur only in the immediate vicinity of 
the release location (within a few kilometres). These elevated concentrations are associated with larger 
oil droplets (>200 µm) that rapidly rise to the surface within a few hours of release. Smaller droplets
(<200 µm), which account for approximately 61 % of the released oil, remain entrained within the water 
column for longer periods, resulting in a wider area of low-level hydrocarbon exposure. The smallest 
droplets (<70 µm), representing roughly 16 % of the oil, are predicted to remain in suspension and do 
not surface, consistent with observations of blowout behaviour (Spaulding et al., 2017) and with 
experimental modelling studies completed in the North Sea (Johansen et al., 2013; SINTEF, 2014).  

While the vertical profile modelling provides a useful representation of near-field plume dynamics for 
a single deterministic trajectory, the broader stochastic modelling (refer to Figure 11.4) indicates that 
elevated subsurface oil concentrations (above the OSPAR PNEC threshold >70.5 ppb) may extend over 
a wider area of the North Sea under varying seasonal and hydrodynamic conditions. This reflects the 
influence of changing current regimes, stratification, and droplet size behaviour across multiple 
simulated release events. Nevertheless, the vertical profile (trajectory) model is useful in 
demonstrating that the highest oil concentrations remain predominantly within the upper water 
column and are most pronounced in the vicinity of the release location (refer to Appendix F, Section 
F.5.3). This result is consistent with findings from other blowout studies (Johansen et al., 2013; 
Spaulding et al., 2017; SINTEF, 2014) which show that under North Sea thermohaline and current 
conditions, the buoyant rise of oil droplets combined with density stratification restricts the extent of 
subsurface plumes, concentrating hydrocarbons in the near-surface and mid-water layers. This pattern 
is replicated in the Kyla oil spill modelling, with elevated oil concentrations largely limited to the top 
layers of the water column and declining rapidly with distance and depth due to dilution, 
biodegradation, and natural dispersion processes. 

These results collectively indicate that while the near-field plume exhibits the highest localised 
concentrations, the far-field water column exposure on the regional-scale is subject to much lower 
oiling concentrations which are transient in nature. 



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: 11-21

11.4 Environmental and Socio-Economic Effects 

The potential effects of spills on the marine environment depend on the nature and volume of the 
hydrocarbons spilt, the extent of weathering in the marine environment, and the sensitivity of the 
species exposed to the spill (ITOPF, 2014b). Oil spills can affect the marine environment directly 
through physical smothering of marine organisms and toxicity impacts, and also indirectly through loss 
of habitat, shelter, or key species in communities, altering community structure and loss of prey (ITOPF, 
2014b). The marine environment is highly dynamic and complex. Many species are exposed to 
fluctuating environmental conditions and therefore have a degree of intrinsic tolerance to 
environmental stressors, including pollution. However, chronic stressors can reduce the resilience of 
individuals and communities. 

In addition, economic losses can be experienced by industries and individuals dependent on offshore 
or coastal resources. Usually, the tourism and commercial fisheries sectors are where the greatest 
impacts are felt (ITOPF, 2014c). 

Given the variety of factors that can affect the behaviour of spilt hydrocarbons, accurate predictions of 
effects before a spill has actually occurred are difficult to make. However, a summary of the potential 
effects that could occur in the event of a blowout release from Kyla has been provided below based on 
the oil spill modelling results (refer to Section 11.3 and Appendix F) and the known environmental and 
socio-economic sensitivities present in the area. In this assessment, to enable a worst case assessment, 
it is assumed that no response or clean-up activities are implemented to mitigate the spill, noting in 
reality that this would not be the case. 

11.4.1 Water Quality 

There is the potential that a release of hydrocarbons from the Kyla field could result in damage that 
would significantly adversely affect the ecological, chemical and/or quantitative status and/or 
ecological potential, as defined in Directive 2006/60/EC or the environmental status of marine waters 
as defined in Directive 2008/56/EC. 

The Kyla crude is expected to be a light, ITOPF Group 2 non-emulsifying oil (37.8° API) with a pour point 
of +3°C. Although viscosity increases in cold waters, values are predicted to remain in the tens of 
centipoise (cP) (i.e. 4 20 cP between 0 15 °C) rather than hundreds or thousands. So, at typical North 
Sea temperatures (5 14 °C, i.e., above pour point) the oil remains fluid and is amenable to natural 
dispersion and entrainment, especially for a subsea release where jet turbulence promotes droplet 
break-up. 

Once the oil reaches the sea surface (typically within 2 hours of release), it undergoes rapid weathering: 
evaporation removes >40 % of the released oil mass due to its light character. Despite this, modelling 
indicates localised areas of higher surface severity, with BAOAC 5 (Continuous True Oil Colour) and 
BAOAC 4 (Discontinuous True Oil Colour) predicted up to 68 km and 93 km from the release location, 
respectively (refer to Table 11.7 and Figure 11.2). The low asphaltene content reduces the propensity 
for stable emulsification, limiting persistence in the marine environment, as evidenced by the mass-
balance trends in Figure 11.8. Worst case trajectory modelling predicts that 10 days after the end of 
the subsea blowout release, only 0.02 - 0.68 % of the oil spill total released mass (equivalent to ca. 162 
- 4,877 tonnes respectively) would remain on the sea surface (Table 11.11). 

Modelling results show that the water column would be impacted over a relatively wide area, with a 
hydrocarbon concentration of 1 ppb exceeded out to a maximum distance of 1,366 km from the release 
location. The 1 ppb hydrocarbon concentration was used as the minimum screening threshold in the 
oil spill modelling (refer to Table 11.8). However, although potential effects to sensitive organisms and 
socio-economic activity may be detectable at a 1 ppb hydrocarbon concentration, mortality to marine 
fauna is not expected (Trudel, 1989; French-McCay, 2002; French-McCay, 2004; French-McCay, et al., 
2012). For the assessment of potential effects to marine fauna in the water column, the OSPAR PNEC 
of 70.5 ppb THC is adopted. This PNEC is derived from the species sensitivity distribution (SSD) approach 
in Smit et al. (2009) and represents the HC5 (protective for 95% of species). It is applied as a conservative 
threshold to identify model grid cells where transient subsurface concentrations may pose a risk of 
whole-organism effects. Modelling predicts that subsurface oiling at higher concentrations (>70.5 ppb) 
are found over wide areas of the CNS and extend eastwards and south-eastwards into the Norwegian 
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Trench and Skagerrak region (especially during autumn and winter) (refer to Figure 11.4). The 
maximum area at risk of oiling at these higher (>70.5 ppb) concentrations is 154,651.23 km2 during 
autumn. 

In line with expectations for a 90 m subsea blowout release, vertical profile modelling indicates that 
peak subsurface oiling concentrations occur within the upper water column (between the release 
depth and the surface), with limited downward penetration due to buoyant rise. This is consistent with 
North Sea blowout investigations and model intercomparisons (Johansen et al., 2013; Spaulding et al., 
2017; SINTEF, 2014). On this basis, elevated oil concentrations at depth are not anticipated beyond the 
immediate near-field zone. 

Worst case trajectory modelling predicts 10 days after the end of the subsea blowout release, 
approximately 16 - 18 % of the oil spill total released mass (equivalent to ca. 119,067  127,145 tonnes 
respectively) would remain in the water column (Table 11.11). Further dilution, dispersion and 
biodegradation would continue to reduce concentrations of oil in the water column over time. 

In summary, the sensitivity of water quality to a blowout is considered to be Medium. The receptor has 
a Very High value; however, the CNS area is characterised by persistent, long-period swells, complex 
current regimes and rapidly changing weather conditions. The water quality is subject to rapid 
refreshment rates and mixing of the water column, coupled with strong wave action on the sea surface. 
Therefore, the receptor resistance and resilience is Very High to ITOPF Group 2 oil pollution. The 
magnitude of impact is considered to be Major, given the area which will be subject to oiling, although 
the oil does not persist in the marine environment, with modelling showing rapid recovery towards 
baseline conditions in the 10 day duration after cessation of the blowout. Effects on water quality due 
to the blowout scenario are therefore assessed as Moderate. When combined with the likelihood of 
the event occurring (Extremely Rare), the risk to water quality from a well blowout is considered to be 
Medium. 

11.4.2 Sediment Quality 

The oil spill modelling predicts negligible seabed oiling / deposition. The modelled crude oil is light 
(37.8° API) and was matched as non-emulsifying with low asphaltenes (Appendix F.6.3). As a result, the 
released oil moderate 
at North Sea temperatures, so released droplets are positively buoyant and rise rapidly from the release 
depth (90 m) towards the sea surface (minimum time to surface oiling = 2 hours). Because the oil does 
not form stable water-in-oil emulsions, there is no modelled pathway for the density to increase 
towards neutrally buoyant or sinking conditions; instead, droplets ascend and are then thinned and 
dispersed by wind and waves. Of note, approximately 16 % of the released oil comprises very small 
droplets (<70 µm) that do not surface (Appendix F, Section F.5). This fraction remains entrained in the 
upper mid water column, where dilution, dissolution and biodegradation reduce concentrations over 
time; it is transported laterally by ambient currents rather than contributing to seabed deposition or 
persistent surface accumulation. In summary, the Kyla trajectory simulations predict negligible seabed 
oiling and no persistent depositional flux to sediments over the model period. 

The sensitivity of sediment quality to a blowout is considered to be High. The receptor has a Very High 
value; sediments in the region are uncontaminated and the East of Gannet and Montrose Fields NC 
MPA designated for the protection of seabed features (ocean quahog (Arctica islandica) aggregations) 
is within 13.4 km of the release location. Any oil interaction with the seabed sediment would be subject 
to high biodegradation with recoverability in the medium term. Therefore, the receptor resistance and 
resilience is High to oil pollution. However, the magnitude of impact is considered to be Negligible, as 
the worst case oil spill modelling revealed negligible amounts of sediment oiling throughout the 
blowout scenario. Effects on sediment quality due to the blowout scenario are therefore assessed as 
Negligible. When combined with the likelihood of the event occurring (Extremely Rare), the risk to 
sediment quality from a well blowout is considered to be Low. 
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11.4.3 Plankton 

Plankton play a key role in marine and aquatic food webs. Changes in the plankton community can have 
knock-on effects on fauna feeding at higher trophic levels, such as fish, birds and cetaceans (Ozhan et 
al., 2014). 

may be exposed to both floating hydrocarbon slicks and to small, dissolved droplets of hydrocarbon in 
the water column (Cormack, 1999; Almeda et al., 2013). Hydrocarbon slicks can also inhibit air-sea gas 
exchange and reduce sunlight penetration into the water, both essential to photosynthesis and 
phytoplankton growth (González et al., 2009). Zooplankton at the surface are thought to be particularly 
sensitive to oil spills due to their proximity to high concentrations of dissolved hydrocarbon and to the 
additional toxicity of photo-degraded hydrocarbon products at this boundary (Bellas et al., 2013). 
However, the worst case modelling predicts that surface oiling will be transient and short lived, 
therefore, limiting the exposure to zooplankton at the sea surface. 

Studies have shown growth inhibition in phytoplankton at hydrocarbon concentrations of 100,000 ppb. 
Conversely, lower levels of hydrocarbons, around 100 ppb, have been found to stimulate growth 
(Harrison et al., 1986). 

As discussed in Sections 11.3.2 and 11.4.1 above, elevated oiling concentrations are predicted to occur 
over wide areas of the CNS and extend eastwards and south-eastwards into the Norwegian Trench and 
Skagerrak region (refer to Figure 11.4). However, the vertical profile modelling (refer to Section 11.3.2 
above and Appendix F, Section F.5) shows that peak oiling concentrations (>10,000 ppb) are confined 
to the near-field and upper water column, declining by orders of magnitude within tens hundreds of 
metres and rapidly over time as buoyant droplets rise and disperse. Beyond this zone, water column 
oiling concentrations are episodic, short-lived, and predominantly in the low concentration range (<100 
ppb), limiting the duration and extent of exposure to plankton. On this basis, plankton exposure to 
harmful oiling concentrations is predicted to be localised and transient, with broader-scale exposure 

Therefore population-level effects are unlikely, although short-term, 
localised sub-lethal effects (e.g., growth/behavioural responses) may occur. 

In general, plankton communities have been found to be highly resilient to the effects of spilt 
hydrocarbons (Abbriano et al., 2011) and their high turnover rate and reproduction is sufficient to make 
up for any losses of eggs and larval stages that may be lost through mortality in the vicinity of a spill 
(ITOPF, 2014b). The distribution of plankton across the UKCS is generally uniform and widespread such 
that it is likely that plankton numbers would recover after the impact of an oil spill and most studies 
have found that there is a rapid return to normal densities and community compositions once oil in 
water background levels have returned (IPIECA-IOGP, 2015). In addition, there is evidence that some 
zooplankton (particularly copepods) can sense and actively avoid oiled areas, therefore reducing 
potential contact with oil (Seuront, 2010). Consequently, the potential for knock-on effects on fauna 
feeding at high trophic levels is not considered to be significant. 

In summary, the sensitivity of plankton to a blowout is considered to be Low. The receptor is of Medium 
value; the plankton community has a regional importance to the North Sea, providing a food source to 
higher trophic levels in this region. However, the predicted oiling is transient and does not persist; the 
plankton has high recoverability in the short-term with high reproduction rates. Therefore, the receptor 
resistance and resilience is Very High to oil pollution. The magnitude of impact is considered to be 
Moderate, as the worst case oil spill modelling predicts elevated oiling concentrations over a wide area 
of the CNS and into the Norwegian Trench and Skagerrak regions. However, any impacts to the plankton 
community are predicted to be short term and temporary. Effects on plankton due to the blowout 
scenario are therefore assessed as Minor. When combined with the likelihood of the event occurring 
(Extremely Rare), the risk to plankton from a well blowout is considered to be Low. 
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11.4.4 Seabed Communities 

In response to hydrocarbon exposure, benthic fauna can either move, tolerate the pollutant (with 
associated impacts on the overall health and fitness), or die (Gray et al., 1988; Lee and Page, 1997). The 
response to hydrocarbons by benthic species differs depending on their life history and feeding 
behaviour, as well as the ability to metabolise toxins, especially PAH compounds. However, severe oil 
pollution typically causes initial massive mortality and lowered community diversity, followed by 
extreme fluctuations in populations of opportunistic mobile and sessile fauna (Suchanek, 1993). 

As discussed above in Section 11.4.2, modelling predicts that seabed sediments would be subject to a 
negligible amount of oiling during the spill duration (refer to Figure 11.8). In addition, the vertical profile 
modelling indicates that peak subsurface oiling concentrations occur within the upper water column 
(between the release depth and the surface), with limited downward penetration due to buoyant rise. 
The oil is subject to rapid dispersion and biodegradation upon release, thus limiting the mass of oil 
reaching and persisting near the seabed. It is therefore anticipated that seabed communities will be 
exposed to negligible volumes of oil during and after the spill duration. Mass mortality and lowered 
community diversity to benthic species is not expected. 

In summary, the sensitivity of seabed communities to a blowout is considered to be Medium. The 
receptor has a High value, as habitats and species present at the release location are typical of this 
region of the CNS. The receptor resistance and resilience is High to oil pollution as the oil does not 
persist and the benthic community does have some tolerance to hydrocarbon contamination and is 
expected to recover in the medium term. The magnitude of impact is considered to be Negligible, as 
the worst case oil spill modelling revealed negligible amounts of seabed sediment oiling throughout 
the blowout scenario. Oil in the seabed sediment does not persist and modelling shows immeasurable 
/ undetectable changes in baseline conditions after the model simulation had completed. Effects on 
seabed communities due to the blowout scenario are therefore assessed as Negligible. When 
combined with the likelihood of the event occurring (Extremely Rare), the risk to seabed communities 
from a well blowout is considered to be Low. 

11.4.5 Fish 

Fish (including eggs and larvae) may be affected by spilt oil in a number of ways; their gills may be 
contaminated with oil, planktivorous or piscivorous fish may consume contaminated prey and larvae 
or eggs may be susceptible to certain toxic and volatile components of oil (Neff, 1990). Free swimming 
adult fish however, tend to be less susceptible to the effects of an oil spill as they can detect it and 
move away from the affected area (ITOPF, 2014b). In addition, many fish species have developed 
systems which can metabolise and excrete aromatic hydrocarbons and therefore most fish do not tend 
to accumulate high concentrations of petroleum hydrocarbons, even in heavily oil-contaminated 
environments (Neff, 1990). Hydrocarbons have, however, been detected in fish bile over one year after 
the Deepwater Horizon oil spill (Murawski et al., 2014), suggesting that adult fish may accumulate 
hydrocarbons after a large hydrocarbon spill event. 

Juvenile fish and larvae are susceptible to the toxic effects of hydrocarbons that may cause larval 
mortality depending on the type of oil and the exposure time (Abbriano et al., 2011). Oil spills can result 
in high mortality, as well as genetic mutations, in fish eggs and larvae which are relatively immobile and 
are therefore more likely to be exposed to a spill for a longer period of time. Joye et al. (2016) reported 
an estimated 2 5 trillion fish larvae were killed as a consequence of the Deepwater Horizon oil spill. 

Studies have shown that fish tainting from oil exposure can occur at oil concentrations from 10 ppb 
(GESAMP, 1993). Modelling predicts that water column oiling at a concentration >10 ppb could occur 
at distances up to 1,329 km from the release location (refer to Figure 11.9). 

The chemical components of lighter oils, such as the Kyla crude oil, have a high biological availability 
and toxic impacts are more likely than from a heavy crude. As previously discussed, the OSPAR PNEC 
(>70.5 ppb) has been applied as a conservative threshold to identify model grid cells where subsurface 
oiling concentrations may pose a risk of whole-organism (including fish) effects (refer to Table 11.8). It 
is highly unlikely that mortality to fish will occur close to the 70.5 ppb OSPAR PNEC; however, 
toxicological effects may be long lasting, and contamination may lead to sub-lethal effects such as 
impaired feeding and reproduction (ITOPF, 2014b). As previously noted, modelling predicts that 
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subsurface oiling at elevated concentrations (>70.5 ppb) are found over wide areas of the CNS and 
extend eastwards and south-eastwards into the Norwegian Trench and Skagerrak region (especially 
during autumn and winter) (refer to Figure 11.4). The maximum area at risk of oiling at these higher 
(>70.5 ppb) concentrations is 154,651.23 km2 during autumn. Of note, the vertical profile modelling 
results demonstrate that peak subsurface oiling concentrations occur within the upper water column 
which puts pelagic fish species at greatest risk. However, the subsurface oiling exposure on the regional 
scale is transient in nature. Once the hydrocarbon disappears from the water column fish generally lose 
contamination from their tissues quickly due to their ability to metabolise accumulated hydrocarbons 
very rapidly (Krahn et al., 1993). 

As noted above, a large release of oil from the Kyla field could also have the potential to impact fish 
spawning success. The eggs and larvae of broadcast spawners, which are widely dispersed, could be 
exposed to oil in the water column. Fish species that are demersal spawners are less at risk, as the 
worst case spill modelling predicts that seabed sediments would be subject to a negligible amount of 
oiling during the spill duration (refer to Figure 11.8). 

There are a number of fish spawning and nursery grounds which either overlap with the Kyla area or 
are found in the wider area (see Section 4.3.3). This includes the following species listed as PMFs in 
Scottish waters: anglerfish, blue whiting, cod, herring, ling, mackerel, Norway pout, sandeels, spurdog 
and whiting (NatureScot, 2022). However, many of these species have a widespread distribution and 
their spawning and nursery grounds are not restricted to this area. It is important to note that any 
localised mortality of eggs and larvae following a spill rarely impacts wider populations. Even a large 
spill, coinciding with a geographically isolated spawning event, would be extremely unlikely to expose 
a notable proportion of the adult stock to a sustained lethal dose of hydrocarbons (IPIECA-IOGP, 2015). 
In addition, marine organisms are adapted to acute local impacts by the production of vast surpluses 
of eggs and larvae, and recruitment from outside the affected area (ITOPF, 2014b; IPIECA-IOGP, 2015). 

In summary, the sensitivity of fish to a blowout is considered to be Medium.  The receptor has a High 
value; with many species listed as PMF in Scottish waters. However, the oil does not persist and fish do 
have some tolerance / ability to avoid, adapt and recover from hydrocarbon pollution. Therefore, the 
receptor resistance and resilience is High to oil pollution. The magnitude of impact is considered to be 
Major, given the wide area which will be subject to oiling, although the oil does not persist in the marine 
environment, with modelling showing rapid recovery towards baseline conditions in the 10 day 
duration after cessation of the blowout. Effects on fish due to the blowout scenario are therefore 
assessed as Moderate. When combined with the likelihood of the event occurring (Extremely Rare), 
the risk to fish from a well blowout is considered to be Medium.  
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11.4.6 Seabirds 

The effects of oil on seabirds has been widely studied and includes both immediate chronic impacts 
which can kill birds or longer-term, sub-lethal, impacts that could affect individuals and populations 
over many years (e.g. Camphuysen et al., 2005; Perez, et al., 2009). Seabird species that raft together 
or spend a significant amount of time on the sea surface (such as auks) are particularly vulnerable to 
oil spills. A small spill during the breeding season or moulting season, when they cannot fly or where 
large populations of seabirds have congregated, can prove more harmful than a larger spill at a different 
area or time of year. Oiling of plumage can result in mortality due to hypothermia, loss of buoyancy 

ake off and fly thereby 

instinctive response to oiling is to clean itself by preening and ultimately ingesting oil from its plumage.  
Seabirds may also be indirectly affected through the ingestion of contaminated prey. 

The proposed Kyla Development area is located approximately 182 km from the nearest UK coastline 
and is therefore remote from sensitive seabird breeding areas. However, the following species may 
forage within the proposed development area during the breeding season: Northern fulmar and black-
legged kittiwake (JNCC, 2025; Woodward et al., 2019; Woodward et al., 2024; RSPB, 2025). Following 
the breeding season, large numbers of moulting auks, including common guillemot, razorbill (Alca 
torda) and Atlantic puffin disperse from their coastal colonies and into the offshore waters. Kittiwake, 
Gannet, and Fulmar are also present in sizable numbers during the post breeding season (DESNZ, 2022). 
An assessment of the median SOSI scores for the UKCS Blocks making up the Kyla Development and 
wider area shows that the sensitivity of seabirds to oil pollution is low throughout the year (Webb et 
al., 2016) (refer to Section 4.3.4). 

An oil sheen thickness >0.3 (BAOAC 2  Rainbow) is the minimum thickness threshold modelled and 
has the potential to impact seabirds up to 909 km from the release location. The most severe surface 
oiling (BAOAC 5 - Continuous True Oil Colour) may occur within 68 km of the release location (refer to 
Table 11.7 and Figure 11.3). Therefore, in the event of a well blowout in the Kyla field, significant 
volumes of hydrocarbons may surface over a wide area, potentially affecting a large number of 
seabirds. Of note, despite being a considerable distance from the release location, 31 SPAs are at risk 
from surface oiling at BAOAC 3 (Metallic) and BAOAC 2 (Rainbow) thresholds (refer to Section 11.4.8).

Although the stochastic modelling indicates that surface oiling can occur over a wide area and, at times, 
at higher severity, it is not predicted to persist or accumulate. Figure 11.10 presents the time-series of 

 no. 33. 
The maximum instantaneous slick area is 21,839.6 km², and the peaks / troughs reflect the episodic 
nature of surfacing (time for released oil to reach the sea surface) coupled with rapid evaporation once 
at the surface. Consequently, the slick grows and decays in pulses throughout the release, limiting the 
duration of peak surface exposure and the window for interaction with rafting seabirds. However, it 
must be recognised that even short exposures may still pose a risk to individual birds. 

The stochastic modelling predicts that the Shetland Islands and the east coast of Scotland (between 
Aberdeenshire and Berwickshire) are at risk from shoreline oiling with a maximum thickness 
of 8.42 mm. The greatest mass of beached oil at any one location is 10,225.81 tonnes. Therefore, 
seabirds on the shoreline are at risk from a large scale oiling event. 

In summary, the sensitivity of seabirds to a blowout is considered to be Very High. The receptor has a 
Very High value; the seabird assemblage in the adjacent coastlines to the Kyla Development area is of 
international importance. Seabirds that are exposed to oiling have very limited tolerance and recovery 
is unlikely. Therefore, the receptor resistance and resilience is Low to oil pollution. The magnitude of 
impact is considered to be Major as surface oiling has the potential to impact seabirds up to 909 km 
from the release location. However, the surface oil is not predicted to persist with high evaporation 
rates. Effects on seabirds due to the blowout scenario are therefore assessed as Major. When 
combined with the likelihood of the event occurring (Extremely Rare), the risk to seabirds from a well 
blowout is considered to be Medium. 
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11.4.7 Marine Mammals 

As discussed in Section 4.3.5, cetacean species most likely to be present in the vicinity of the proposed 
Kyla Development area include: common dolphin, harbour porpoise, minke whale, white beaked 
dolphin and white sided dolphin. All cetaceans (whales, dolphins, and porpoises) are listed as EPS under 
Annex IV of the Habitats Directive. Harbour porpoise is also listed on the OSPAR List of Threatened 
and/or Declining Species (OSPAR, 2024) and harbour porpoise is listed under Annex II of the Habitats 
Directive. In addition, harbour porpoise, minke whale and white beaked dolphin are listed as PMFs 
(NatureScot, 2022). All species listed above are regarded as being of Least Concern in terms of their 
population threats (IUCN, 2025). 

Although marine mammals also use the sea surface in a similar manner to seabirds (refer to Section 
11.5.6), they are generally less affected by spills of oil as they can detect and move away from oiled 
areas (Abbriano et al., 2011). Unlike fish or seabirds, oil is also unlikely to adhere to or permeate 
through the skin of marine mammals where it could accumulate in tissues and have toxicity effects 
(Neff, 1990). While cetaceans skin is not thought to be particularly sensitive to oil, any accidental 
ingestion or breathing of oily fumes could cause physiological stress (Takeshita et al., 2017). Notably, 
following the Deepwater Horizon spill in 2010, significant health issues were identified in a resident 
bottlenose dolphin population located in one of the most heavily oiled area, including pulmonary 
disease and low reproductive success (Lane et al., 2015; Takeshita et al., 2017), however, there is still 
some doubt these effects were directly linked to the spill. Notwithstanding the research conducted 
after the Deepwater Horizon, current evidence does not suggest more than a low sensitivity to oil for 
most cetaceans, but resident populations of some species may be both vulnerable and sensitive to 
large oiling events (Kirby et al, 2018). 

Both harbour and grey seals are widespread around the adjacent east coast of Scotland (SCOS, 2024). 
Seals utilising coastal waters, particularly those at haul-out and breeding sites, may be impacted in the 
event of shoreline oiling. These species rely on their fur to regulate their body temperature which may 
be hindered if fur becomes matted with oil and may subsequently suffer from hypo- or hyperthermia. 
Individuals may also be at risk of ingesting oil when cleaning themselves (ITOPF, 2014b).  The stochastic 
modelling predicts that the Shetland Islands and the east coast of Scotland (between Aberdeenshire 
and Berwickshire)  shoreline oiling with a maximum thickness of 8.42 mm. 
The greatest mass of beached oil at any one location is 10,225.81 tonnes. Therefore, seal haul-out sites 
on the shoreline are at risk from a large scale oiling event. 

In summary, the sensitivity of marine mammals to a blowout is considered to be High. The receptor 
has a Very High value as marine mammals are of international importance. However, the oil does not 
persist and marine mammals have some capacity to avoid hydrocarbon pollution. Therefore, the 
receptor resistance and resilience is High to oil pollution. The magnitude of impact is considered to be 
Major; given the wide area which will be subject to oiling, although the oil does not persist in the marine 
environment, with modelling showing rapid recovery towards baseline conditions in the 10 day 
duration after cessation of the blowout. Effects on marine mammals due to the blowout scenario are 
therefore assessed as Major. When combined with the likelihood of the event occurring (Extremely 
Rare), the risk to marine mammals from a well blowout is considered to be Medium. 
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11.4.8 Marine Protected Areas 

Modelling indicates that a total of 103 UK designated MPAs are at risk to oiling under the blowout 
scenario. Of these, 54 sites are predicted to be at risk from surface oiling, 48 sites from shoreline oiling, 
and 89 sites from subsurface oiling within the model domain (Table 11.12). 

The greatest number of potentially affected sites are SPAs and SACs, reflecting their extensive 
-east coastline. Surface oiling probabilities 

are generally highest for offshore and nearshore SPAs and NC MPAs in the north-western CNS, with 
trajectories extending toward Orkney and Shetland. Higher shoreline oiling probabilities are mainly 
associated with SPAs and SACs around the Orkney, Shetland, and north-east Scotland coasts, with much 
lower probabilities for sites further south. 

All MPAs potentially at risk from surface, subsurface and shoreline oiling are presented in Appendix F 
(Section F.3.3), where the maximum probability, minimum (shortest) arrival time, and maximum 
predicted severity are reported for each site. These results provide a detailed breakdown of potential 
exposure across SPA, SAC, NC MPA, MCZ, and Ramsar designations under the spill scenario. 

Table 11.12: Summary of MPAs at risk from Oiling Note 1

MPA 
Designation 

Type 

Total number of 
sites at risk from 

Oiling 

Number of sites 
at risk from 
Surface Oil 

Number of sites 
at risk from 

Shoreline Oil 

Number of sites 
at risk from 

Subsurface Oil 

SPA 37 31 28 32 

SAC 28 8 12 22 

RAMSAR 9 2 4 6 

NC MPA 17 11 3 17 

MCZ 12 2 1 12 

Total 103 54 48 89 

Note 1: Internationally designated MPAs are excluded, as they lie outside UK jurisdiction and conservation 
obligations, and there is no regulatory requirement to assess feature-level impacts on non-UK conservation 
designations. Transboundary considerations are addressed separately in Section 11.8. 

A summary of the key findings is provided below and in Table 11.13. The assessment focuses on the 
protected features and qualifying species within designated sites that may be at risk from oiling. In 
determining potential significance, the assessment considers both the predicted oiling severity and the 
inherent vulnerability and ecological sensitivity of the designated receptors. The following sections 
summarise the predicted effects for MPA sites at risk from surface oil, subsurface oil, and shoreline oil 
exposure. 

Surface Oiling 

The MPAs most likely to be affected by surface oiling are those designated for the protection of seabird 
species and marine mammals, as these receptors spend significant time at or near the sea surface 
where oil accumulates. Although modelling predicts that the surface slicks will be transient and non-
persistent, even short-term exposure can compromise seabird plumage and thermoregulation. 
Seabirds are considered to have Very High  sensitivity (refer to Section 11.4.6) and marine mammals 
High  sensitivity (refer to Section 11.4.7) to surface oiling. 

Surface oiling with a minimum thickness of >0.3 µm (equivalent to BAOAC 2 or greater) is therefore 
considered sufficient to cause potential adverse effects to MPAs designated for these taxa. Table 11.13 
lists MPAs where surface oiling above this threshold (>0.3 µm) is predicted under the Kyla blowout 
scenario, together with the qualifying features most vulnerable to surface exposure.  

The MPAs designated for qualifying seabird species which are at greatest risk from surface oiling 
(probability >40 %) include: 

Buchan Ness to Collieston Coast SPA (68 %). 

Fair Isle SPA (48 %). 
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Forth Islands SPA (49 %). 

Fowlsheugh SPA (61 %). 

Outer Firth of Forth and St Andrews Bay Complex SPA (59 %). 

Sumburgh Head SPA (41 %). 

Ythan Estuary, Sands of Forvie and Meikle Loch SPA (64 %). 

The MPAs designated for qualifying marine mammal species which are at greatest risk from surface 
oiling (probability >40 %) include: 

Firth of Tay and Eden Estuary SAC (54 %). 

Shoreline Oiling 

For the purpose of this assessment, moderate shoreline oiling (1 10 litres/m²), as defined by ITOPF 
(2014a), has been adopted as the threshold at which potential adverse effects to the qualifying coastal 
or intertidal features of MPAs may occur. Below this threshold (classified as light oiling ), surface 
residues are expected to be thin, patchy and short-lived, with minimal potential for ecological harm 
once natural weathering and tidal dispersion processes are taken into account. Consequently, the 
assessment of shoreline effects focuses on sites where moderate or greater oiling severity is predicted, 
and where qualifying features are considered vulnerable to hydrocarbon exposure under the Kyla 
blowout scenario. Coastal MPAs designated for seabird colonies and for marine mammals that haul out 
of the water are considered most at risk from moderate shoreline oiling with 
sensitivity. 

Model predictions indicate that moderate shoreline oiling (1 10 litres/m²) could occur along discrete 
areas of the eastern Scottish coastline, affecting several coastal MPAs designated for seabirds, 
wintering waterfowl and marine mammals. The sites most at risk include the Buchan Ness to Collieston 
Coast SPA, Forth Islands SPA, Outer Firth of Forth and St Andrews Bay Complex SPA, Ythan Estuary, 
Sands of Forvie and Meikle Loch SPA, Firth of Tay and Eden Estuary SAC, and Firth of Forth Ramsar site, 
where shoreline oiling probabilities range from 13 - 39 %. These sites support large breeding seabird 
colonies and overwintering birds, extensive intertidal flats and estuarine habitats, and important haul-
out areas for grey and harbour seals, all of which are sensitive to hydrocarbon contamination of 
shoreline substrates. Table 11.13 summarises the MPAs and their qualifying features which are 
predicted to experience moderate oiling severity. 

Subsurface Oiling 

The OSPAR PNEC of 70.5 ppb THC has been adopted as the threshold for identifying potential adverse 
effects to qualifying MPA features. Concentrations above this level indicate the potential for short-term 
toxic effects in the water column, whereas lower concentrations are not expected to cause harm to 
marine organisms. 

Model predictions show that subsurface oiling above the OSPAR PNEC threshold (>70.5 ppb) occurs 
primarily in the CNS and northern North Sea, extending eastwards and south-eastwards towards the 
Norwegian Trench during some seasonal scenarios (particularly autumn and winter). Elevated 
concentrations are transient and mainly confined to the upper water column, where oil droplets remain 
suspended before dissipating through advection, dilution, and biodegradation (refer to Appendix F). 
MPAs designated for pelagic or diving seabirds, marine mammals, and fish species are considered most 
vulnerable to these subsurface exposures, given their time spent foraging or migrating through mid- to 
upper-water habitats. Their sensitivity to water column oiling ranges from Medium
(refer to Sections 11.4.5  11.4.7). 

Table 11.13 lists MPAs where subsurface oiling above the OSPAR PNEC threshold (>70.5 ppb) is 
predicted under the Kyla blowout scenario. Note, only sites with qualifying features sensitive to 
hydrocarbon exposure have been included. MPAs designated for seabed or benthic habitats (e.g. East 
of Gannet and Montrose Fields NC MPA) have been screened out of Table 11.13, as model results show 
negligible oiling of seabed sediments and therefore no credible risk of hydrocarbon exposure to benthic 
features (refer to Section 11.3.2). 
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The MPAs designated for qualifying seabird species which are at greatest risk from subsurface oiling 
(probability >40 %) include: 

Buchan Ness to Collieston Coast SPA (61 %). 

Fair Isle SPA (71 %). 

Firth of Forth SPA (51 %) 

Forth Islands SPA (67 %). 

Fowlsheugh SPA (57 %). 

Mousa SPA (50 %). 

Northumberland Marine SPA (59 %). 

Outer Firth of Forth and St Andrews Bay Complex SPA (68 %). 

Seas Off Foula SPA (70 %). 

Sumburgh Head SPA (70 %). 

Ythan Estuary, Sands of Forvie and Meikle Loch SPA (61 %). 

The MPAs designated for qualifying marine mammal species which are at greatest risk from subsurface 
oiling (probability >40 %) include: 

Berwickshire and North Northumberland Coast SAC (58 %). 

Mousa SAC (51 %). 

The MPAs designated for qualifying fish species which are at greatest risk from subsurface oiling 
(probability >40 %) include: 

Mousa to Boddam NC MPA (55 %). 

Turbot Bank NC MPA (97 %). 

Conclusion 

In summary, the protected features / qualifying species from 53 MPAs (33 x SPA; 9 x SAC; 5 x RAMSAR; 
5 x NC MPA; 1 x MCZ) are at Medium risk from a large-scale oiling event which could adversely impact 
their conservation objectives. This reflects high potential consequences for sensitive receptors (i.e. 

likelihood of a well blowout. The majority of these MPAs are designated for the protection of seabirds, 
which, as previously discussed, are particularly sensitive to oil contamination. 

All other designated sites at risk from oiling but not listed in Table 11.13 are considered to be at Low
risk, either because predicted severities are low or because there is no credible exposure pathway (e.g. 
sites designated for benthic or seabed features). 

Uncertainty has been addressed through the use of worst case spill parameters and precautionary 
thresholds (>0.3 µm for surface oiling; 1 10 litres/m² for shoreline oiling; 70.5 ppb THC for water-
column exposure). Seasonal and hydrodynamic variability are captured within the stochastic modelling. 
On this basis, while localised adverse effects could occur at the most exposed MPAs designated for 
seabirds, marine mammals or fish under the worst case scenario, persistent or large-scale impacts 
across the MPA network are not expected. 

Detailed site-specific probabilities, minimum arrival times, and predicted severities are presented in 
Appendix F (Section F.3.3) and underpin the effect evaluations provided in Table 11.13. 
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11.4.9 Socio-economic Receptors 

Commercial Fisheries 

Major oil spills can have a serious impact on commercial fishing activities through physical 
contamination of fish, oiling of fishing boats and gear and loss of access to fishing grounds as well as 
market confidence (ITOPF, 2014c). 

Commercial fishing activity within the Kyla Development area (ICES Rectangle 42F1) is low to moderate 
in intensity, characterised primarily by Nephrops norvegicus (Norway lobster) trawl fisheries. Over the 
2019 2023 period, shellfish landings dominated both by weight (70 %) and by value (87 %), followed 
by demersal species such as haddock, whiting and monkfish, which together account for nearly one-
third of the total live weight. Pelagic species (e.g. herring and mackerel) contributed less than 1 % of 
the overall catch. The average annual landings from ICES Rectangle 42F1 were approximately 393 
tonnes, with an annual value of around £1.13 million (SG-MD, 2025). The local fishery therefore 
comprises a mixed Nephrops and whitefish trawl fishery, supported by small-scale shellfish activity. 
Overall, fishing effort and landings indicate that the Kyla development area supports a minor but 
regionally consistent component of the broader CNS fishery, with economic value largely dependent 
on Nephrops landings (refer to Section 4.4.1). 

Modelling predicts that water-column oiling at concentrations exceeding 10 ppb, the level at which fish 
tainting may occur, could extend up to 1,329 km from the Kyla release location (refer to Figure 11.9). 
Elevated subsurface oiling concentrations (>OSPAR PNEC 70.5 ppb) are predicted across wide areas of 
the CNS, extending eastwards and south-eastwards into the Norwegian Trench and Skagerrak region, 
particularly during autumn and winter (refer to Figure 11.4). Although fish mortality is unlikely to occur 
at these concentrations, toxicological and sub-lethal effects such as impaired feeding or reproduction 
may arise (ITOPF, 2014b). The maximum area at risk of exposure above 70.5 ppb is approximately 
154,651 km² during autumn. Vertical-profile modelling indicates that elevated concentrations remain 
largely within the upper water column, with limited downward penetration due to droplet buoyancy; 
thus, pelagic fish stocks are at greatest risk under the worst-case blowout scenario. 

Throughout the spill duration, surface oiling could temporarily displace fishing vessels from the affected 
region. Modelling indicates that the oil slick could cover an area of 6,772 21,840 km² at any one time; 
however, the slick is short-lived, with minimal surface oil (0.02  0.68 % of the total release volume) 
remaining 10 days after cessation of the blowout. 

In summary, the sensitivity of commercial fisheries to a blowout is considered to be High.  The receptor 
has a Very High value as the Kyla Development area and wider CNS region are fished by both UK and 
international fleets. However, receptor resistance and resilience is High as the oil is not predicted to 
persist and fishing vessels may be able to temporarily switch to alternative fishing grounds. The 
magnitude of impact is considered to be Major, reflecting the large CNS area subject to elevated water-
column concentrations (>70.5 ppb), although rapid recovery to baseline conditions is expected within 
10 days after release cessation. Effects on commercial fisheries due to the blowout scenario are 
therefore assessed as Moderate. When combined with the likelihood of the event occurring (Extremely 
Rare), the risk to commercial fisheries from a well blowout is considered to be Medium. 
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Aquaculture 

Aquaculture is a major industry in Scottish coastal waters, with the highest concentration of marine 
sites located around the Shetland Islands, Orkney Islands, and along the north and west coasts of 
mainland Scotland (refer to Figure 11.11). The sector is dominated by Atlantic salmon (Salmo salar) 
production within sea cages, with additional cultivation of mussels (Mytilus edulis), Pacific oysters 
(Crassostrea gigas), and other shellfish species (Marine Scotland, 2020; Scottish Government, 2023; 
HIE, 2017). No aquaculture sites are located in the vicinity of the Kyla Development area or elsewhere 
within the CNS (refer to Section 4.4.2). 

Aquaculture operations are inherently vulnerable to hydrocarbon pollution, as caged fish and shellfish 
are unable to avoid exposure, and bioaccumulation or tainting can occur even at relatively low 
concentrations of dissolved hydrocarbons. Stochastic modelling indicates that subsurface oiling at 
higher concentrations (>OSPAR PNEC 70.5 ppb) will remain predominantly offshore in the CNS and 
extend eastwards and south-eastwards into the Norwegian Trench and Skagerrak region (Figure 11.4). 
These elevated concentrations are transient and are mainly confined to the upper water column, where 
they dissipate rapidly through dilution and biodegradation following cessation of the blowout release. 

However, model results also predict that fish-tainting concentrations (>10 ppb) could extend towards 
the northern Scottish coast (Figure 11.9), particularly around Shetland and Orkney, where aquaculture 
sites are concentrated Even minor contamination leading to fish tainting can have severe economic and 
reputational consequences for the sector, as products entering the human food chain are subject to 
strict quality assurance and safety standards (ITOPF, 2014d; FAO, 2018). In addition, areas of moderate 
shoreline oiling (1 10 litres/m²) are predicted along discrete stretches of the north-east mainland and 
Shetland coastline (refer to Figure 11.7), indicating potential risk of surface residue contamination to 
nearshore infrastructure. While these exposures are expected to be short-lived and spatially limited, 
localised tainting or fouling of aquaculture cages and infrastructure could occur if operations coincide 
with peak subsurface or surface oil concentrations. 

In summary, the sensitivity of aquaculture to a blowout is considered to be High.  The receptor has a 
Medium value; the aquaculture is of regional importance. Aquaculture sites are vulnerable to oiling 
exposure as the farmed fish / shellfish are unable to avoid or more away from oil pollution; therefore, 
the receptor resistance and resilience is Low to oil pollution.  The magnitude of impact is considered to 
be Major, as the worst case oil spill modelling revealed that inshore areas of north east Scotland, 
particularly around Shetland and Orkney may be exposed to fish-tainting concentrations (>10 ppb). 
Effects on aquaculture due to the blowout scenario are therefore assessed as Major.  When combined 
with the likelihood of the event occurring (Extremely Rare), the risk to aquaculture from a well blowout 
is considered to be Medium. 
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Figure 11.11: Active Aquaculture Sites around Scotland 
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Recreational Activity and Tourism 

In coastal areas, oil spills can result in economic losses to tourism and recreation through shoreline 
contamination, aesthetic degradation, and access restrictions, as well as the costs associated with 
clean-up operations (ITOPF, 2014c). Even light surface residues or odours can deter visitors and affect 
public perception of environmental quality. 

Within the wider model domain, tourism and recreational activity are concentrated along the Shetland 
and Orkney coastlines, and the north-east mainland of Scotland, where activities include wildlife 
watching, sea angling, sailing, kayaking, and shore-based recreation. Coastal ecotourism in Shetland 
and Orkney is particularly centred around seabird colonies, seals, and cetacean watching, while 
recreational diving occurs in sheltered areas with rocky reefs and kelp beds that support diverse marine 
life (VisitScotland, 2023; Marine Scotland, 2020). 

Model results predict that shoreline oiling probabilities are highest along the north-east mainland coast 
(up to 39 %), with lower probabilities around Shetland (12 %) and Orkney (8 %) (refer to Figure 11.7 
and Table 11.6). Predicted shoreline oiling is of low to moderate severity (up to 10 litres/m²) and is not 
expected to persist beyond the short term. Ten days after cessation of the blowout release, the 
majority of oil is predicted to have dispersed or degraded through natural weathering and tidal 
processes. Consequently, while temporary visual or odour effects could occur in isolated coastal areas, 
widespread or long-term disruption to tourism and recreational activity is unlikely. 

In summary, the sensitivity of recreational activity and tourism to a blowout is considered to be 
Medium. The receptor has a High value; recreational activity and tourism is of importance to the local 
economy. However, the oil does not persist with recreational activity and tourism expected to recovery 
in the short to medium term; therefore, the receptor resistance and resilience is High to oil pollution. 
The magnitude of impact is considered to be Moderate, as shoreline oiling at all locations is predicted 
to be of low to moderate severity, with modelling showing rapid recovery towards baseline conditions 
in the 10 day duration after the blowout cessation. Effects on recreational activity and tourism due to 
the blowout scenario are therefore assessed as Minor. When combined with the likelihood of the event 
occurring (Extremely Rare), the risk to recreational activity and tourism from a well blowout is 
considered to be Low. 

11.5 Potential for a Major Environmental Incident 

an incident which results, or is likely to result, in significant adverse effects on the 
environment in accordance with Directive 2004/35/EC of the European Parliament and the of the 
Council on environmental liability with regard to the prevention and remedying of environmental 
damage

environmental damage is defined as: 

adverse effects on reaching or maintaining the favourable conservation status of such habitats 
or species. The significance of such effects is to be assessed with reference to the baseline 

chemical and/or quantitative status and/or ecological potential, as defined in Directive 
2000/60/EC, of the waters concerned, with the exception of adverse effects where Article 4(7) of 

being adversely affected as a result of the direct or indirect introduction, in, on or under land, of 
substances, preparations, organisms or micro-

For an event to be considered as a MEI, a major accident (as defined under SCR 2015) must be a 
precursor (BEIS, 2017). For the proposed Kyla Development, the major accident scenario that would 
result in the largest release of hydrocarbons is: 

Loss of well control and subsequent blowout that can only be stopped by drilling a relief well. 
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Based on the results of the oil spill modelling (Section 11.3.2 and Appendix F) and the assessment of 
environmental and socio-economic effects as detailed in Section 11.4, it is considered possible that 
oiling from a release of hydrocarbons could significantly impact ecosystems (i.e. there could be a 
significant adverse impact on the favourable conservation status of relevant species and/or habitats in 
areas identified to be at risk from oiling); these impacts would likely constitute a MEI.   

As outlined in Sections 11.4.5 to 11.4.8, the most significant threat to Annex I habitats, Annex II/IV 
species, and MPA features arises from the severity of surface oiling. MPAs designated for protection of 
seabirds are especially vulnerable due to the sensitivity of these species to oil contamination. According 
to Table 11.13, the protected features / qualifying species from 53 MPAs (33 x SPA; 9 x SAC; 5 x 
RAMSAR; 5 x NC MPA; 1 x MCZ) are at Medium risk from a large-scale oiling event which could adversely 
impact their conservation objectives. 

It should be stressed that the identified major accident scenario is an extreme worst case; it assumes 
the complete failure of all control and preventative measures. In a real situation, steps would 
immediately be taken to stem the flow of hydrocarbons and in the event of a well control incident bring 
the well back under control. 

11.6 Mitigation Measures 

Serica  corporate HSE 
policy. Serica follow the ISO 14001 standard and has an externally verified EMS. 

Serica has Oil Spill Response Limited (OSRL) membership which provides access to well capping devices 
to contain the well. Serica has insurance provisions in place to cover well control/re-drill situations as 
well as legal liabilities, and the Company is a member of Offshore Pollution Liability Agreement (OPOL) 
which provides rapid compensation to parties directly affected by an oil spill. 

It is the policy of Serica that the Kyla Development will be designed and operations will be conducted 
in such a manner as to minimise the risk of accidental releases. Onshore design reviews, risk 
assessments and operations planning are used to identify potential risks and to ensure that, where 
possible, risks are minimised at the design stage. Where residual risks remain, mitigation procedures 
will be put in place to prevent accidental spills. Key mitigation measures for the Kyla Development are 
summarised in Table 11.14. 

MODU and vessel contractors will be required to demonstrate that they have control processes in place 
to minimise environmental impacts. Training, competency and maintenance of safety and 
environmentally critical equipment all play vital roles in ensuring the risks of pollution are as low as 
reasonably practicable. 

An approved OPEP will be in place, prepared in advance of activities commencing offshore, which will 
detail the spill prevention measures, response procedures and resources available to Serica in the event 
of a spill. All supporting vessels will also have a ship oil pollution emergency plan (SOPEP) onboard. 

Table 11.14: Key Spill Prevention Measures for the Kyla Development 

Source Spill Prevention Measures 

Loss of 

chemicals, fuel 

or utility 

hydrocarbons 

during 

bunkering and 

general 

operations 

Liquid storage areas and areas that might be contaminated with oil are segregated 

from other deck areas; 

Bunding or additional containment will be provided around plated areas beneath 

equipment with significant hydrocarbon inventories; 

Chemicals will be stored in bunded areas where any spillages can be routed to the 

closed drainage system; 

Chemical, utility and fuel storage tanks will be equipped with alarm systems and 

procedure will be in place to minimise and prevent spills overfilling these storage 

tanks; 

Small spill kits will be on board the MODU to clean up deck spills and prevent spilt 

hydrocarbons and chemicals from reaching the sea; 
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Source Spill Prevention Measures 

Non-return valves will be installed on transfer hoses and hoses to be tested and 

inspected as a part of a regular maintenance programme; 

Bunkering procedures will be put in place to include measures such as transfer 

operations to be supervised at all times from both the supply vessel and MODU; 

Crews will be adequately trained, supervised and regular exercises held to contain and 

clean-up deck spills; 

Routine equipment maintenance programme will be in place with specific emphasis 

on environmentally critical equipment; 

Effective management of chemicals to endeavour to reduce the volumes required and 

therefore the frequency of bunkering; 

Use of floating hoses during bunkering operations; 

Where feasible, bunkering operations will be undertaken in daylight and in good 

weather conditions. 

Loss of 

containment on 

MODU due to 

collision or other 

major event 

Consent to Locate will be in place for the MODU under Part 4A of the Energy Act 2008;

500m exclusion zone will be designated around the MODU; 

Dedicated ERRV present during drilling to monitor movements of other vessels in the 

area and prevent them entering the safety zone; 

Mariners, NAVTEX / NAVAREA warnings and fisheries notices e.g. Kingfisher Bulletin. 

The drilling rig TOOPEP or CIP will be in place, and the Kyla Field OPEP will fall under 

both the Triton Field OPEP (pipeline rupture) and the Petrofac Field OPEP (well 

incident), including modelling and appropriate response planning 

Well Blowout 

Crews will be adequately experienced, trained in well control techniques and 

supervised; 

Weighted drilling fluids will provide the primary barrier and the downhole pressures 

will be carefully controlled and monitored;  

The secondary barrier will be the BOP which will be regularly maintained and tested; 

Well design and construction reviewed by an independent well examiner; 

Safety and Environmental critical elements related to drilling operations will be 

identified, and a suitable maintenance and testing schedule applied to each; 

Emergency drills will be held regularly; 

Emergency response plans and equipment will be in place; 

Review spill mitigation measures of all contractors as part of the contractor selection 

process. 

Loss of pipelines

Where practicable, pressure and leak testing will be undertaken onshore prior to 

infrastructure being installed. All pipelines will be pressure tested to above the 

planned operating pressure; 

Routine monitoring of pipeline pressure and temperature will be undertaken.

Automatic and manual shutdown systems in place; 

Regular ROV inspection of all pipelines will be undertaken. 

11.7 Residual Risk 

Based on historical data and taking into account the spill prevention measures that will be in place, the 
most probable accidental releases from the proposed Kyla Development will be small in volume. It is 
considered to be extremely rare for a major event, such as a blowout, to occur, particularly given the 
measures that will be in place to reduce the probability of a failure of well control. The consequences 
of an accidental release from the Kyla Development will vary depending on the quantity and type of 
hydrocarbon released, the wind speed and direction and sea state and the sensitivity of receptors 
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depending on the time of year. A small spill of oil or diesel would be subject to rapid dilution and 
dispersion and any impact on receptors in the marine environment would be short term and localised. 

The Kyle crude is an ITOPF Group 2 (37.8° API) oil that undergoes rapid evaporation, dispersion and 
biodegradation upon release. Although modelling indicates that ca. 17 % of the released mass remains 
within the water column at the end of the 142-day simulation (Table 11.11), concentrations decline 
quickly following cessation of the blowout, and the oil is not predicted to persist in the water column, 
at the sea surface, or on the shoreline. The residual risk to the marine environment from a worst case 
accidental release is considered to range from Medium to Low, depending on the receptor impacted, 
but in all cases the risk has been reduced to ALARP through mitigation measures and good industry 
practice and is therefore not considered to be significant. 

11.8 Transboundary Impacts 

The Kyla field lies approximately 72 km west of the UK / Norwegian median line (which represents the 
nearest international boundary). As such, stochastic modelling predicts a 100 % probability of surface 
and subsurface oil crossing the Norwegian median line. The minimum time for surface and subsurface 
oil to reach the Norwegian median line is 78 hours and 74 hours, respectively (refer to Table 11.6).  

In addition, there is a high probability (up to 83 %) of surface oiling is predicted in Danish waters, while 
moderate probabilities (up to 56 % and 69 %) occur in German and Swedish waters respectively (Table 
11.6). The probability  (Table 
11.6). Seasonal variability is notable, with the greatest transboundary transport predicted in winter and 
autumn, reflecting enhanced wind-driven spreading and deeper mixing during these periods. 

Model outputs predict that only UK waters are likely to experience BAOAC 5 (Continuous True Oil 
Colour) and BAOAC 4 (Discontinuous True Oil Colour) surface oiling. In contrast, BAOAC 3 (Metallic) and 
BAOAC 2 (Rainbow) thresholds may be reached within Dutch, German, Danish, Norwegian and Swedish 
waters (refer to Figure 11.2). 

It is important to note, however, that the scenario modelled is an extreme worst case; it assumes the 
complete failure of all control and preventative measures. In a real situation, steps would immediately 
be taken to stem the flow of hydrocarbons and bring the well back under control. A counter-pollution 
response strategy would also be developed and initiated. 

Agreements are also in existence for dealing with international releases with states bordering the UK 
(e.g. Bonn Agreement). These agreements would operate within the framework of the National 
Contingency Plans (NCPs) and are oriented towards major releases. In the event of an oil spill entering 
Norwegian waters, the NORBRIT Agreement (the Norway-UK Joint Contingency Plan) may be activated. 
Responsibility for implementing joint action with neighbouring states rests with the ACA of the country 
on whose side of the median line a spill originated. 
MCA. 

Given the above, the risk of transboundary impacts is considered to range from Medium to Low, 
depending on the receptor impacted, but in all cases the risk has been reduced to ALARP through 
mitigation measures and good industry practice and is therefore not considered to be significant. 

11.9 Cumulative Impacts 

Cumulative effects from accidental releases are not anticipated. As indicated by historical data, the 
likelihood of one major accidental release occurring is remote or extremely remote, limiting the 
cumulative impact from the Kyla Development and other existing installations. 
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12.1 Introduction 

The management of waste produced offshore on the UKCS is regulated through a framework of 
international and national legislation. Waste generated on offshore installations and vessels is primarily 
regulated by the Merchant Shipping (Prevention of Pollution by Sewage from Ships) Regulations 2020 
(as amended) and Merchant Shipping (Prevention of Pollution by Garbage from Ships) Regulations 2020 
(as amended). These Regulations implement Annex IV (Prevention of pollution by sewage from ships) 
and Annex V (Prevention of pollution by garbage from ships) of MARPOL 73/78 (The International 
Convention for the Prevention of Pollution from Ships). 

MARPOL Annex IV and V prohibit the discharge of all garbage (including plastics) and galley waste 
(except for comminuted or ground food waste to < 25 mm and treated sewage) into sea from offshore 
installations or vessels. Once transported onshore, waste management is regulated by the Environment 
Protection Act 1990 (as amended), which sets out Duty of Care requirements for the containment, 
transfer, handling, and recording of all onshore waste through appropriately licensed carriers holding 
a Waste Carrier Registration. In Scotland, the Scottish Environment Protection Agency (SEPA) is 
responsible for regulating waste management. 

Given the subsea nature of the Kyla Development, the majority of waste associated with the Project 
will be generated onboard the vessels, including the MODU, contracted by Serica to undertake the 
development operations. Waste handling onboard the vessels, including the MODU, will therefore be 
the responsibility of vessel/MODU contractors. However, Serica has a Duty of Care to ensure that the 
collection, handling, and disposal of all waste generated by the Kyla Development is achieved, in 
compliance with current environmental legislation, as well as in accordance with Serica Waste 
Management Procedures.  

12.2 The Waste Hierarchy 

Serica is committed, and has a legal duty, to take all reasonable steps to apply the waste hierarchy (as 
illustrated in Figure 12.1) and promote 'high quality' recycling. 

Figure 12.1:  Waste Hierarchy 
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The waste hierarchy ranks waste management options according to the best environmental outcome, 
taking into consideration the lifecycle of the material. The lifecycle of a material is an environmental 
assessment of all the stages of a product's life from-cradle-to-grave (i.e. from raw material extraction 
through materials processing, manufacture, distribution, use, repair and maintenance, and disposal or 
recycling). Waste will only be disposed of if it cannot be prevented, re-used, recycled or recovered. 

In its simplest form, the waste hierarchy gives top priority to preventing waste. When waste is created, 
it gives priority to preparing it for reuse, then recycling, then other recovery, and last of all disposal (i.e. 
landfill). For example, one tonne of food waste in landfill produces 450 kg CO e, whereas preventing 
one tonne of food waste saves 3,590 kg CO e. The benefits of selecting options higher up the hierarchy 
also extend beyond carbon savings and include reduced water consumption, protection of important 
raw materials, creation of jobs, and other economic opportunities (Scottish Government, 2017). 

12.3 Duty of Care 

Anyone who produces, transports, manages and treats waste has a legal Duty of Care to ensure that 
waste is managed correctly. This includes proper storage, only transferring it to an appropriate person 
and ensuring that when it is transferred it is sufficiently well described to enable its safe recovery or 
disposal without harming the environment.  

Serica will ensure that all waste produced from the Kyla Development operations will be minimised 
through appropriate procurement controls and will be properly segregated for recycling, treatment or 
disposal. Bulk wastes generated offshore will be segregated by type and periodically transported to 
shore in an auditable manner through authorised and licenced waste contractors. 

Serica is responsible for ensuring that waste is transferred to waste contractors in possession of a 
Waste Carrier Registration. All controlled waste being transferred onshore is required to have a 
completed Transfer Note, whilst special waste requires a Consignment Note. These Notes provide 
details on the type and quantity of waste that is being transferred, the parties involved in the transfer 
of waste, the category of authorised person in receipt of the waste, licence numbers, and time, place 
and date of transfer. Once onshore, waste will be managed in accordance with the waste hierarchy and 
will be recovered or disposed of at appropriate licensed sites by properly licensed waste disposal 
contractors. 

12.4 Waste Streams 

The types of wastes likely to be generated during the life of the Kyla Development are summarised in 
Table 12.1 waste and hazardous waste (referred to as special waste in 
Scotland). 
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Table 12.1: Types of Waste Likely to Generated from the Kyla Development 

Special Waste General Waste Other Waste Backloaded 
Cuttings 1

NORM 2

Oils, paints, 
adhesives, 
solvents, 
hazardous 
chemicals and 
brines, 
batteries, oily 
rags 

Non-hazardous workover / 
completion / drilling fluids, 
brines 
Segregated recyclables 
(e.g. scrap metal, plastics, 
aluminium cans, paper / 
cardboard, glass etc.) 
Non-hazardous, galley 
waste, accommodation 
waste, compactor waste 

Clinical 
materials 
Explosives 

LTOBM cuttings 
Solid material 
(e.g. powder or 
stabilised 
products), oil 
and water 
generated by 
the treatment 
process. 

These will be 
skip and 
shipped back to 
shore for 
onshore 
processing and 
disposal 

Naturally 
occurring 
radioactive 
material 
(NORM) from 
mineral scales 
which build up 
in pipework 

1 LTOBM cuttings may be backloaded for treatment onshore or processed offshore using a thermal cuttings 
treatment unit to an acceptable overboard disposal limit (<1% OOC) and discharged to sea (refer to Section 2.6.2).  
2 May be applicable during Kyla decommissioning operations. Where NORM readings are found, the infrastructure 
would be subject to specific identification, handling and waste disposal at an authorised site in accordance with 
legislative requirements. 

Given the subsea nature of the Kyla Development, the majority of waste will be generated onboard the 
MODU during development drilling operations and, on cessation of production, when the Kyla 
infrastructure is decommissioned. See further detail below. 

The quantities and disposal routes of waste arising from offshore operations associated with the Kyla 
Development will be reported by Serica via the OPRED EEMS, which records measured and calculated 
data relating to emissions and discharges from offshore installations.

12.4.1 Vessel Waste 

Waste will be generated onboard all vessels associated with the proposed Kyla Development activities 
including the MODU and support vessels, subsea installation vessels and any vessels used during 
inspection and maintenance activities and decommissioning. All vessel waste will be managed in 
compliance with the framework of Regulations discussed above and in line with individual vessel 
specific Waste Management Plans (WMPs). Generally, waste will either be discharged in line with 
MARPOL 73/78 requirements, if appropriate, or it will be segregated and stored in suitable, labelled 
containers for subsequent transfer to shore, where it will be treated or disposed of in accordance with 
the waste hierarchy.  

Offshore vessels of 100 gross tonnage and above, and every ship certified to carry 15 or more persons, 
must have a Garbage Management Plan and maintain a Garbage Record Book (as per MCA Marine 
Guidance Note 632 (M+F) Amendment 2). Solid domestic waste will normally be compacted with a 
garbage compactor, placed in disposal bags and returned to the mainland in waste skips. Open skips 
will be netted. Separate storage areas will be provided for solid and liquid waste that can be reused. 
Waste storage areas will be well ventilated and bunded with drainage to appropriate storage or 
treatment areas. Hazardous waste containers will be covered to reduce rainwater contact in the 
containment structure. Furthermore, segregation of recyclable materials will be implemented to avoid 
contamination and consequent reduction of the quality of recycled products. 

12.4.2 Drilling Waste 

MODUs generate various waste products during routine drilling operations (e.g. excess cement, used 
drilling fluids and chemicals etc.), in addition to waste generated from the everyday running of the 
MODU (e.g. general waste, food waste and sewage).  
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Wastes will be minimised by use of appropriate procurement controls, and all wastes will be segregated 
for recycling, disposal, and / or treatment. The appointed waste management contractor will supply 
monthly reports of all waste sent to shore and will complete Controlled Waste Transfer Notes as 
required, and records of monthly disposals will be maintained. Waste Management Duty of Care audits 
will also be carried out. 

Oily waste will be generated on the MODU by a variety of sources, including waste engine oil and 
hydraulic oil. All waste oil will be held in designated storage tanks. The volumes of waste oils kept 
onboard the MODU will be kept to a minimum before being transferred to shore, keeping the possibility 
of spillages to a minimum. No sludge or waste oil will be discharged to sea. Lidded skips will be used 
for LTOBM contaminated drill cuttings (if required). 

12.4.3 Decommissioning Waste 

Onshore waste management will be in an important consideration during the decommissioning phase 
of the Kyla Development. A dedicated decommissioning WMP will be produced to identify all waste 
streams and the most appropriate removal and disposal method. All recovered waste will be brought 
to shore to a licenced specialist decommissioning waste facility. Where possible, materials will be sold 
for reuse or recycled in accordance with the waste hierarchy.  

12.5 Mitigation Measures 

The management of offshore waste generated on the UKCS is strictly regulated, ensuring a high level 
of mitigation from the outset, as described above. Serica will ensure successful implementation of the 
mitigation measures regarding waste management by: 

Application of the Waste Hierarchy to all produced waste; 

Compliance with WMP and use of Garbage Management Plans for the management of 
waste produced from vessels; 

Compliance with Serica
proposed development activities; 

Segregation, transfer onshore and disposal of waste through licensed contractors and sites. 

12.6 Conclusion 

Several different waste streams will be generated throughout the lifespan of the Kyla Development. 
Waste management will be undertaken in compliance with current environmental legislation and 
applicable waste procedures which includes the waste hierarchy, as described above. The management 
of offshore waste generated on the UKCS is strictly regulated and the UK has well-established 
infrastructure in place to manage this waste effectively. Therefore, no significant impacts (including 
cumulative or transboundary impacts) are expected as a result of the Kyla Development. 
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13.1 Serica

Serica Energy Chinook Limited (Serica) is a subsidiary of Serica Energy plc and operators under the 
 Serica is committed to conducting its business activities in a manner that assures the 

health, safety and well-being of our staff and contractor personnel whilst also safeguarding the 
environment within which we operate. 

Serica  OMS provides the framework for systematic management of HSEQ across the Serica 
organisation and is designed to ensure the delivery of safe, environmentally responsible, and reliable 
operations in accordance with defined policies, practices, procedures and standards. Copies 
HSEQ and ESG Policies are provided in Figure 13.1 and Figure 13.2, respectively. 

The structure and content of the OMS recognises the principles of ISO 14001 (Environmental 
Management Systems) and ensures that risks to the environment are reduced to ALARP. 

EMS was successfully verified against the requirements of OSPAR 2003/5 to Promote the Use 
and Implementation of Environmental Management Systems by the Offshore Industry in April 2025 by 
ERM CVS Limited. In accordance with the requirements of OSPAR 2003/5, the EMS: 

Is implemented at a strategic level and integrated into corporate plans and policies; 

s clear objectives and targets 

performance; 

Is designed to deliver and manage compliance with environmental laws and regulations on an 
ongoing basis, and to quickly initiate corrective and preventative action in cases of legal non-
compliance; 

Delivers good resource management; 

Incorporates assured performance metrics that demonstrate the above and can be 
communicated in a transparent manner; 

Delivers continual improvement. 

The EMS covers aspects of environmental management, such as chemical management, pollution 
prevention and control, and emissions management. It is designed to 
expectation to implement best practice above and beyond the requirements of the regulations. 

In 2024, 
Serica progressed key GHG emissions reduction projects aimed at reducing the Scope 1 emissions 
generated from the Bruce installation and worked with our partners to progress emissions reductions 
on non-operated assets. is provided in 
Section 9. 

All  operations and projects, including the proposed Kyla Development, have the potential to 
impact on the environment and they are all subject to strict environmental regulatory controls which 
require Serica to prepare and submit regulatory applications to gain approval before activities 
commence. Serica will appoint a Well and Pipeline Operator for the Kyla Development under the 
Offshore Petroleum Licensing (Offshore Safety Directive) Regulations 2015, subject to approval by the 
NSTA. 

The company constantly monitors operational activities and reports ongoing emissions, discharges and 
waste streams to ensure regulatory requirements are met and ensure there is no significant impact on 
the environment. In the event of an unplanned release/spill to sea, or a non-compliance with regulatory 
requirements, the relevant regulatory authorities would be notified and immediate actions taken to 
respond to any threat of or actual pollution. Investigations of incidents are conducted to gain any 
learnings or actions to prevent recurrence. 
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Serica is committed to continually improving environmental performance through responsible design, 
development and operations. For the Kyla Development, the environmental performance of 
contractors will be a key consideration. To this end, every effort will be made to select contractors with 
strong HSEQ performance and processes. Serica will also ensure that all parties engaged in the 
proposed Kyla Development operations understand the potential environmental impacts and 
commitments as outlined in this ES (refer to Section 13.2) and the importance of environmental 
compliance.   

The company records and monitors their environmental data in line with regulatory reporting 
requirements. Environmental performance data for each of  operated assets and associated 
activities is submitted to the UK environmental regulator (OPRED) via the EEMS. 

area of ESG, in particular through the Sustainability Committee. We continue to refine our approach to 
climate-related risk management to ensure we are identifying and managing material risks, which is 
highlighted in our Taskforce on Climate-related Financial Disclosures (TCFD) Summary Report. 
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Figure 13.1: Serica HSEQ Policy Statement 
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Figure 13.2: Serica ESG Policy Statement 
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13.2 ES Commitments 

Table 13.1 summarises the mitigation measures and commitments identified within this ES. As 
described above, Serica will ensure these are taken into account and implemented as the proposed 
Kyla Development progresses. 
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Serica is proposing to develop the Kyla field via a single subsea well tied back via 12  13.2 km long 
production pipeline, gas lift pipeline and umbilical to one of the existing Bittern drill centre manifolds 
(either DCA or DCB). The Bittern manifolds are in turn tied back to the Triton FPSO, with both assets 
operated by Dana Petroleum E&P Limited (Dana). Kyla hydrocarbons will be processed on the Triton 
FPSO with Kyla oil exported as part of the Triton FPSO blend via shuttle tanker and sales gas routed 
with other Triton area gas to the St Fergus terminal onshore via the Fulmar gas pipeline. 

Under The Offshore Oil and Gas Exploration, Production, Unloading and Storage (EIA) Regulations 2020, 
as the proposed Kyla Development will extract more than 500 tonnes of oil per day, there is a 
mandatory requirement for Serica to conduct an EIA to determine if the proposed Kyla Development 
is likely to have any significant effects on the environment, the results of which have been documented 
in this ES.  

The key findings of the EIA undertaken for the Kyla Development are summarised below. 

14.1 Physical Presence 

No significant residual effects on other sea users (shipping and commercial fishing) are predicted as a 
result of the physical presence of the semi-submersible MODU (including pre-laid anchors and ground 
chains) and / or vessels during Kyla drilling, installation, inspection and maintenance and 
decommissioning activities or the long-term presence of the Kyla subsea infrastructure and associated 
protection / stabilisation material. 

The Kyla Development has the potential to interact with shipping through the temporarily presence of 
the MODU and / or vessels resulting in the displacement of vessel traffic and increased risk of a vessel 
collision. The greatest impact will be before and during drilling operations, during installation of the 
subsea infrastructure and, following cessation of production, during decommissioning operations. 
However, any discernible increase in vessel presence in the area will be temporary in nature. The risk 
of a collision will be minimised by implementing measures, including temporarily establishing a 500 m 
safety zone around the MODU during the proposed drilling operations, which will be patrolled by an 
ERRV equipped with an AIS and/or ARPA.  Notifications to other sea users will also be issued via Notices 
to Mariners and Kingfisher Bulletin to communicate the location of the works. A VTS will be undertaken 
to inform the CtL permit applications, required to moor the MODU and site the subsea infrastructure 
at the Kyla location. If necessary, a Collision Risk Assessment may also be undertaken. Residual effects 
on shipping from the physical presence of the DP MODU and vessels during drilling, installation, 
inspection and maintenance and decommissioning activities, are therefore Minor and not significant. 

Fishing vessels may be temporarily displaced from the Kyla Development area during the drilling and 
installation phases of the Project, with an area of 0.8 km2 at the Kyla drill centre location also lost for 
the life of the field development. This is a very small area in comparison to the alternative fishing 
grounds available in the wider CNS area, particularly as the area surrounding Kyla is subject to relatively 
low levels of fishing activity. In addition, the proposed Kyla Development presents a snagging risk to 
commercial fishing vessels. The MODU anchors and mooring lines will be pre-laid on the seabed for a 
number of weeks ahead of MODU arrival and will remain in place for a number of weeks following the 
MODU departure. To reduce the snagging risk during this period, if required a guard vessel will be used 
to deter vessels from the area, thereby preventing potential interaction with the mooring lines while 
the MODU is not on location. During subsea installation activities, the main risk of snagging will be after 
pipe lay, pending trenching and burial. To minimise this risk, whilst installation activities are ongoing, a 
guard vessel will be used to patrol the length of the lines. To further reduce the risk of snagging; the 
Kyla xmas tree and Kyla valve skid, as well as the potential tie-in structure at Bittern (which will be 
located within an existing 500 m safety zone) will be designed to  Where concrete 
mattresses are used as part of the pipeline crossings design, or in other open water locations outside 
the 500 m safety zones at Bittern and Kyla, rock cover will be provided to minimise risk of snagging with 
fishing gear. Residual effects on commercial fishing from the physical presence of the DP MODU and 
vessels during drilling, installation, inspection and maintenance and decommissioning activities, are 
therefore Minor and not significant. 



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: 14-2

The proposed Kyla Development is located within a region of established oil and gas activity. Other oil 
and gas developments in the area will utilise vessels which have the potential to act cumulatively in 
increasing vessel collision risk. However, given the mitigation measures which will be in place for the 
Kyla Development and other oil and gas operations, increased vessel presence should not act in 
combination with any other development to increase collision risk. 

A significant cumulative increase in snagging risk with other oil and gas development in the area is also 
not anticipated as the Kyla 
and umbilical will be trenched and buried, and the berm profile of any rock placement will be designed 
to be overtrawlable.  

14.2 Seabed Disturbance 

No significant residual effects on seabed sediments, seabed communities or fish are predicted as a 
result of disturbance to the seabed during the life of the Kyla Development. The worst case total area 
of seabed that will be impacted temporarily by the Kyla Development is estimated at around 0.819 km2, 
and the worst case total area of seabed that will be impacted in the long term by the Kyla Development 
is estimated at around 0.115 km2. These are relatively small areas in comparison to the seabed available 
in the CNS region, with similar water depths, sediment types and benthic communities. Of note, the 
Kyla Development area is not located within or near to an MPA. The closest site, the East of Gannet 
and Montrose Fields NC MPA, designated for the protection of ocean quahog aggregations, is located 
13.4 km north of the Kyla location. 

Temporary disturbance of the seabed is attributed to the mooring of the MODU, discharge of drill 
cuttings, muds and cement and installation of the Kyla subsea infrastructure, including the pipelines 
and umbilical.  

The discharge of drill cuttings, muds and cement will initially alter the seabed topography and sediment 
structure of a small area in close proximity to the proposed Kyla well (0.12 km2). The accumulation of 
drill cuttings and mud at the Kyla drill centre is likely to change the benthic community in the immediate 
area by burying some animals and impairing the feeding and respiration of others. It is expected that 
any communities in the immediate vicinity of the well will be lost, and that increased concentrations of 
suspended particles near the seabed may also impair respiratory and feeding processes, inducing 
metabolic stress and reducing growth and survival rates. Field studies have shown however that 
recovery of benthic communities impacted with water based drilling discharges (which will be 
discharged directly to the seabed from the top two hole sections of the Kyla well) is likely to be very 
rapid (i.e. within a few months). The deeper wells sections of the Kyla well will be drilled with LTOBM. 
In the event that the LTOBM contaminated cuttings are discharged, thermal cuttings treatment will be 
used to treat the cuttings to an acceptable overboard disposal limit (<1% oil on cuttings), thereby 
resulting in no significant changes to the natural benthic community or re-colonisation of the seabed.  

Installation of the Kyla subsea infrastructure, particularly the trenching and backfill operations during 
pipeline and umbilical installation, will also result in temporary disturbance to seabed from sediment 
suspension and re-settlement within an area of ca. 0.623 km2. However, given the relatively fine (sandy 
and muddy) nature of the sediment at Kyla any sediment plumes or re-suspended sediment will tend 
to settle quickly and will not be prolonged or affect large areas. It is acknowledged that the Kyla survey 
area shows some similarity to the seapen and burrowing megafauna (burrowed mud) habitat, classified 
as an OSPAR threatened and/or declining habitat and Scottish PMF. However, the species that inhabit 
this type of benthic habitat are deemed to be highly recoverable and the area impacted will be 
relatively small. In addition, high rates of siltation may adversely affect ocean quahog, an OSPAR 
threatened and/or declining species and Scottish PMF, but any mortality caused to individual 
specimens as a result of the proposed operations is not considered to be significant given that impacts 
will be highly localised.  

Exposure to increased turbidity caused by the proposed Kyla Development operations may also reduce 
the visual acuity of fish utilising the area potentially affecting foraging behaviour. Fish may also be 
temporarily displaced from their spawning and nursery areas.  However, given the localised area of 
impact and the mobile nature of the species, any displaced fish are likely to find foraging opportunities, 
as well as suitable spawning and nursery areas in adjacent locations. Crucially, the Kyla survey 
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determined that the site was unsuitable for both herring and sandeel spawning due to the sediment 
composition (lack of gravel for herring and high fine content for sandeel). 

It is, however, recognised that some aspects of the Kyla Development (i.e. installation of the subsea 
structures, pipeline and umbilical, as well as associated rock and concrete mattresses for protection / 
stability / trench transitions) will have long term impacts on sediment communities, due to permanent 
habitat change, although direct physical injury of benthic species will only occur when the 
infrastructure or material is first placed on the seabed. This impact will last the duration of the Kyla 
development (ca. 8 years) and beyond depending on how the infrastructure is decommissioned. The 
area beneath the subsea infrastructure and protection / stabilisation material will become unavailable 
for re-colonisation by sandy and muddy sediment inhabiting infauna and over time a new rocky 
substrate habitat will become established. Ultimately, it is expected that this new habitat will be 
colonised by the same types of mobile and encrusting epifaunal animals already present on cobbles 
and boulders in the wider area. As such, any long term change to the benthic environment will be 
localised and is not expected to cause any widespread changes to the marine life present in the wider 
area. 

In summary, residual effects on water quality, seabed sediments, seabed communities and fish as a 
result of seabed disturbance during the life of the Kyla Development are predicted to be Negligible to 
Minor and not significant. 

Effects of seabed disturbance resulting from the proposed Kyla Development will be cumulative to 
those of other activities in the area. The Kyla Development is located in an area containing potential 
cuttings piles associated with the prior Kyle field, however, these historic cuttings piles are believed to 
have dispersed and now lie flush with the seabed. Seabed samples taken during the pre-
decommissioning survey of the Kyle field showed a chemical footprint (elevated Total Hydrocarbon 
Concentration levels) covering an area of 1,432 m2; however, this elevation is not considered to be 
significant contamination (Fugro, 2020; CNRI, 2021). In addition, results from the 2025 Kyla survey show 
all stations within the vicinity of the proposed Kyla Development area have recorded THC and heavy 
metal concentrations that are considered consistent with background concentrations. As such, 
significant cumulative seabed impacts are not predicted. 

14.3 Underwater Noise Emissions 

Underwater noise emissions generated during the proposed Kyla Development have the potential to 
disturb, or cause injury to, a number of species in the marine environment, particularly fish and marine 
mammals. However, the only Kyla Development activity which results in underwater noise emissions 
with the potential to result in significant effects on marine fauna is the potential piling operations 
during the installation of the valve skid at the proposed Kyla well location and the tie-in structure, if 
required, at the Bittern manifold. It is acknowledged that the vessels associated with drilling, subsea 
installation, inspection and maintenance and decommissioning operations will generate underwater 
noise of a continuous nature, but this will only cause temporary and localised changes in distribution 
of marine mammals and fish in the immediate vicinity of the vessel. In addition, the noise emissions 
from construction activities e.g. trenching or rock placement, are usually dwarfed by the noise 
emissions from the vessels themselves. 

To reduce the risk of injury or behavioural disturbance to marine mammals and fish from the proposed 
piling operations, Serica will ensure that the JNCC protocol for minimising the risk of injury to marine 
mammals from piling noise is followed (JNCC, 2010b). Piling operations will therefore not commence 
until monitoring confirms that a 500 m is clear of marine mammals and soft-starts 
will be incorporated into the piling schedule design.  

In summary, it is possible that short term behavioural effects may be observed among marine 
mammals, fish and seabirds as a result of the underwater noise emissions generated from the proposed 
Kyla Development, but any impacts will be mitigated such that residual effects are predicted to be 
Minor to Negligible and not significant.  

Given the mitigation measures which will be in place for the Kyla Development, significant cumulative 
effects are not predicted in the event that other noisy activities are occurring nearby in the marine 
environment at the same time as the proposed piling operations. 
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14.4 Greenhouse Gas Emissions 

GHG emissions generated during the development of the Kyla field will arise from the combustion of 

During the production phase, hydrocarbons from the Kyla field will be 
processed at the Triton FPSO with processing equipment and support facilities shared with several 
other producing assets. This minimises the incremental energy demand caused by the development. 
The incremental GHG emissions associated with processing at Triton as a result of Kyla coming online, 
for the purposes of this assessment, 
is controlled by Serica.  In addition, Serica has significant interest in Triton (holding a 46% equity interest 
in the asset) and therefore has influence over the operator of Triton (Dana). Once the hydrocarbons 
have been processed on Triton and sold, oil is typically tankered to Rotterdam where oil volumes are 
integrated into the wider European oil sales market and converted into usable fuels such as gasoline, 
diesel, and jet fuel. Gas is piped from Triton 
transmission system and is delivered to end users, such as gas-fired power stations, large industrial 
users, or regional gas distribution networks that connect to individual homes and businesses. Further 
GHG emissions will therefore arise from transportation, further processing and distribution once the 
Kyla hydrocarbons leave Triton, as well as from the end use of the sold product (namely, the 
presumption that all end use Kyla hydrocarbons are eventually combusted ). Collectively, these 

in

It is recognised that development of the Kyla field will contribute to overall volumes of GHG emissions 
in the atmosphere in combination with the other projects and activities emitting GHG emissions. The 
total gross GHG emissions generated over the life of the Kyla Field are estimated to be ca. 7,134.45 
kilotonnes of CO2e, based on the high production case (P10 profile). It should be noted, however, that 
there is only a 10% probability that recovered volumes will meet or exceed the P10 case estimate. 

The total gross GHG emissions generated as a result of the proposed Kyla Development are considered 
to be compatible with global emissions reduction pathways and targets, including those set out by The 
Paris Agreement. The Paris Agreement is a legally binding international treaty adopted in 2015 that 
commits countries to limit global warming to under 2°C above pre-industrial levels and pursue efforts 
to keep it below 1.5°C.  

The GHG emissions associated with the Kyla Development represent a very small fraction of projected 
-2.6) emissions pathway consistent with limiting 

warming to 2°C (ca. 0.00320% of median global GHG emissions in 2030). Kyla will also contribute a very 
small percentage towards predicted global oil and gas production rates in international pathways 
consistent with limiting warming to under 2°C (ca. 0.00602% in 2030 and ca. 0.00321% in 2035 of global 
oil production and ca. 0.00113% in 2030 and ca. 0.00059% in 2035 of global gas production). Of note, 
Kyla will cease production in or before 2038, well before the global target for Net Zero emissions by 
2050. Development of the Kyla field is therefore not expected to materially affect the trajectory of 
global temperature rise or the achievement of international climate targets in a significant way. 

In a national context, the GHG emissions associated with the Kyla Development represent only a small 
proportion of GHG emissions typically arising from oil and gas developments in the UKCS and will only 
contribute a small fraction of CO2e emissions towards future UK carbon budget targets (ca. 0.28549% 
of Carbon Budget 5 and ca. 0.21826% of Carbon Budget 6) NDC commitments (ca. 
0.50692% of the 2030 NDC inventory target and ca. 0.41615% of the 2035 NDC inventory target). Given 
these non-significant proportions, the GHG emissions generated by the Kyla Development would have 

NDC emissions reduction 
targets. 

Notwithstanding the above, Serica is committed to minimising the amount of GHG emission produced, 
with the chosen development concept for Kyla representing one of the lowest carbon intensity increase 
means of recovering the remaining hydrocarbons in the Kyla field.  During drilling and installation 
operations, vessel days and fuel consumption will be reduced, as far as practicable. Responsibility for 
identification and implementation of emissions reduction initiatives at Triton resides with the Triton 
FPSO operator (Dana). However, Serica (as the operator of Kyla) will support Dana as they continue to 
assess and implement reasonable decarbonisation strategies for Triton FPSO. Since the use of the 
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produced products is not within the control of Serica, no mitigation measures that could be taken by 
the Kyla Development to reduce Scope 3 downstream emissions are available to implement. 

The UK Net Zero Growth Plan (DESNZ, 2023b) acknowledges that fossil fuels will retain a crucial role in 
the energy system until there are credible clean energy alternatives that can replicate their role. The 
Independent Review of Net Zero (Mission Zero, 2023) also recognises that in the short term the UK will 
still need oil and gas to secure our energy independence and as transition fuels towards 2050. In 
addition, the global demand for oil, particularly for use in petrochemical feedstocks and heavy 
transport, is forecast to persist through the energy transition period (IPCC, 2022; IEA, 2025). 
Furthermore, the UK is the second largest oil producer in Europe, a market with a massive oil supply 

system exporting crude oil and 
importing refined oil products largely within the Northwest European market (OEUK, 2025c). 

Over the life of the Kyla field, the Triton FPSO with the input of Kyla will have an average carbon 
intensity of 29.9 kg CO2/boe projects 
identified in the Triton Emissions Reduction Action Plan are implemented. In comparison, the average 
carbon intensity for FPSOs in the CNS in 2024 was 30.5 kg CO2/boe. When filtering by installation age 
(>25 years old) this increases to 37.5 kgCO2/boe (NSTA, 2025b). The emissions intensity for UKCS 
offshore fields in 2024 was 24.0 kg CO2/boe (NSTA, 2025a). 

By operating within an already-licensed area (the previously decommissioned Kyle field) and 
maximising use of existing North Sea oil and gas infrastructure, Kyla contributes to maintaining secure 

remaining offshore reserves. 

GHG emissions on the global climate is therefore considered to be Minor and not significant. 

14.5 Marine Discharges 

No significant residual effects on water quality, plankton or fish are predicted as a result of routine 
marine discharges during the development of the Kyla development.   

The main operational discharges into the marine environment from the proposed Kyla Development 
will occur as a result of the discharge of drill cuttings, muds and cement during drilling, the discharge 
of chemicals during drilling, hook-up and commissioning of subsea infrastructure, subsea intervention 
activities and decommissioning operations, as well as the incremental increase in produced water 
discharges at the Triton FPSO (host facility) as a result of Kyla coming online. 

Upon release, these discharges will be subject to rapid dilution and dispersion and are not expected to 
persist within the marine environment.  Additionally, a number of studies have shown that any impacts 
will be limited to the local area in the immediate vicinity of the discharge location and therefore no 
significant adverse residual effects are predicted. 

Serica will implement a range of measures to mitigate any potential impacts including undertaking a 
chemical risk assessment to identify the risk profile of chemicals being used and / or discharged in 
accordance with the requirements of the Offshore Chemicals Regulations 2002 (as amended). Where 
practicable, chemicals with a higher risk profile will be substituted out in favour of those with an 
improved environmental profile.  

For assessment purposes, thermal cuttings treatment is being evaluated to treat the LTOBM 
contaminated cuttings to an acceptable overboard disposal limit (<1% oil on cuttings). If not selected / 
considered to be feasible, the LTOBM contaminated cuttings would be skipped and shipped onshore 
for disposal. 

During the production operations, any discharges of residual reservoir hydrocarbons in the produced 
water stream will be treated to meet oil in water limits of the Triton Oil Discharge Permit SAT.  The 
discharge streams will also be monitored and sampled in accordance with the permit conditions. 

Residual effects on water quality, plankton or fish from operational discharges into the marine 
environment from the proposed Kyla Development are therefore predicted to be Minor to Negligible
are not significant. 
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Marine discharges from the proposed Kyla Development will occur within a region of established oil 
and gas activity, however, the closest neighbouring assets are located at sufficient distances such that 
cumulative effects on the wider marine environment are not anticipated. 

14.6 Accidental Releases 

All offshore activities associated with the Kyla Development will carry a potential risk of hydrocarbon 
pollution to sea; however, hydrocarbon spills from normal oil and gas operations are uncommon and 
can be effectively mitigated against.  In planning its activities,  primary focus is to ensure that 
all practicable measures are taken to prevent the occurrence of such accidental events and, should 
they occur, mitigate their effects.  The consequences of an accidental release will vary depending on 
the quantity and type of hydrocarbon released, the wind speed and direction and sea state and the 
sensitivity of receptors depending on the time of year.  

The worst-case spill scenario from the Kyla Development would be an uncontrolled and unmitigated 
subsea blowout scenario from the Kyla well, releasing ca. 867,861 m3 of crude oil to the marine 
environment over 132 days (time taken to drill a relief well). Oil spill modelling has been conducted to 
determine the fate of Kyla hydrocarbons released from this worst case scenario. Given the proximity 
to the UK/Norway median line, located approximately 72 km east of Kyla, there is a 100% potential for 
a surface slick of oil to cross the median line in all seasons. Other median lines which could be crossed 
include Denmark (83% in winter), Germany (56% in winter), Sweden (54% in winter) and the 
Netherlands (41% in winter). The highest probability of shoreline oiling on the UK mainland is 39% in 
spring, with the shortest arrival time after 23 days in summer, although the risk of shoreline oiling is 
highest in Denmark in the winter (57%), with beaching occurring after 34 days. However, the Kyle crude 
is an ITOPF Group 2 (37.8° API) oil that undergoes rapid evaporation, dispersion and biodegradation 
upon release, and concentrations decline quickly following cessation of the blowout, and if this event 
were to occur, the oil is not predicted to persist in the water column, at the sea surface, or on the 
shoreline. 

The risk of an accidental release occurring from the Kyla Development will be minimised through the 
implementation of physical barriers such as downhole safety valves, maintenance to minimise leaks, 
and the development and implementation of handling and operational procedures and training.  
Measures to respond to a spill from the MODU or the Kyla subsea facilities once operational will be 
covered in approved oil pollution emergency plans, which will be prepared in advance of drilling 
operations commencing offshore. As such, the overall risk to the marine environmental from an 
accidental release of hydrocarbons from the Kyla development is considered to range from Medium to 
Low, depending on the receptor impacted, but in all cases the risk has been reduced to ALARP through 
mitigation measures and good industry practice and is therefore not considered to be significant. 

Cumulative effects from accidental releases are not anticipated. As indicated by historical data, the 
likelihood of one major accidental release occurring is remote or extremely remote, limiting the 
cumulative impact from the Kyla Development and other existing installations. 

14.7 Overall Conclusions 

In summary, it is concluded that the proposed Kyla Development will not result in any significant 
environmental effects, including transboundary and cumulative effects. 
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EXECUTIVE SUMMARY 

Project Background 

Serica Energy Chinook Ltd (Serica) is planning to develop the Kyla oil field via a single subsea well located 
in United Kingdom Continental Shelf (UKCS) Block 29/2c in the Central North Sea, approximately 182 
kilometres (km) to the southeast of Peterhead on the Scottish coastline. Serica holds 100% equity and 
operatorship of the Licence. The Kyla well will be tied-back to the Bittern Valve Skid then to Triton FPSO 
operated by Dana Petroleum UK Limited. 

To support the environmental impact assessment (ES) for the Kyla Development, Serica commissioned RPS 
to undertake a detailed drill cuttings and muds dispersion modelling study to quantify the distribution of 
deposited cuttings and muds on the seabed and the total suspended solids (TSS) concentrations in the 
water column resulting from the proposed drilling and discharge program. 

potential area of deposited cuttings and muds on the seabed and TSS concentrations (TSS) resulting from 
the proposed drilling and discharge program. 

Methodology 

The modelling study was conducted in stages. Firstly, 10-years of three-dimensional current data (2010
2019) for the study site was generated to represent the combined influence of ocean drift currents and tidal 
currents. Secondly, the current data and discharge characteristics were input into a three-dimensional 
sediment dispersion model, MUDMAP, to predict the movement and initial settlement of cuttings and drilling 
muds based on the proposed discharge program, which included 895 m3 of cuttings and 365.1 m3 of drilling 
muds solids being discharged to the marine environment. Thirdly, as the spud date can vary, 100 simulations 
were modelled with varying start dates to assess a range of current conditions for each release location. 
Results from the 100 simulations were overlayed to determine deposition on the seafloor, and maximum 
TSS concentrations based on acute (1-hr averaged concentration) and chronic (24-hr averaged 
concentration) exposure thresholds, in each grid cell. 

Key Results 

Deposition 

The maximum predicted thickness of deposited cuttings and muds was predominantly associated with 
the drilling of the 36- and 26-inch bores, which were returned directly to seafloor from a discharge height 
of 2 m above the seafloor. A maximum thickness of 0.57 m was predicted within 50 m of the discharge 
location. 

Based on the assessment of 100 simulations the maximum distances from the release location to the 
edge of the low exposure (10 mg/cm²/day [1.0 mm]) , moderate exposure (30 mg/cm²/day [3.0 mm]) and 
high exposure (100 mg/cm²/day [10.2 mm]) thresholds were 0.33 km, 0.15 km and 0.06 km, 
respectively. The total area of coverage for the low exposure threshold, or greater, was 0.12 km2. 

Acute (1-hr averaged concentrations) Total Suspended Solids Exposure 

Based on the assessment of 100 simulations, the maximum distance from the release location to the 
edge of the low exposure TSS concentration threshold (10 mg/L) for acute exposure (1-hr averaged 
concentration) was 1.02 km. Additionally, the maximum distance from the release location to the 
edge of the moderate exposure TSS concentration threshold (50 mg/L) for acute exposure (1-hr 
averaged concentration) was 0.27 km. High exposure (100 mg/L) TSS concentrations did not exceed 
0.27 km from the release location. The total area of coverage for the low exposure threshold, or 
greater, was 1.19 km2. 
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Chronic (24-hr averaged concentrations) Total Suspended Solids Exposure 

The maximum distance from the release location to the edge of the low exposure TSS concentration 
threshold (5 mg/L) for chronic exposure (24-hr averaged concentration) was 0.41 km. Additionally, the 
maximum distance from the release location to the edge of the chronic moderate exposure TSS 
concentration threshold (15 mg/L) was 0.19 km. Chronic high exposure (50 mg/L) TSS did not exceed 
0.08 km from the release location. The total area of coverage for the low exposure threshold was 0.16 
km2.  

The discharge of cuttings and muds will lead to relatively short-lived increased TSS concentrations of 
typically up to 24 hours, which are expected to dilute and reduce with distance from the release location 
to concentrations below the reporting thresholds. Based on the temporary elevated concentrations of 
TSS concentrations at the low exposure threshold, and the limited occurrence of the very localised high 
exposure, the impact likelihood is thus considered low.
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1 INTRODUCTION 

Serica Energy Chinook Ltd (Serica) is planning to develop the Kyla oil field via a single subsea well located 
in United Kingdom Continental Shelf (UKCS) Block 29/2c in the Central North Sea, approximately 182 
kilometres (km) to the southeast of Peterhead on the Scottish coastline. Serica holds 100% equity and 
operatorship of the Licence. 

To support the environmental impact assessment (ES) for the Kyla Development, Serica commissioned RPS 
to undertake a detailed drill cuttings and muds dispersion modelling study to quantify the distribution of 
deposited cuttings and muds on the seabed and the total suspended solids (TSS) concentrations in the 
water column resulting from the proposed drilling and discharge program.

The coordinates for the proposed Kyla well release location is presented in Table 1.1 and illustrated in Figure 
1.1. 

potential area of deposited cuttings and muds on the seabed and TSS concentrations (TSS) resulting from 
the proposed drilling and discharge program.  

Modelling was performed using an advanced three-dimensional dispersion model; MUDMAP. The MUDMAP 
model calculates the transport, spreading, and deposition of discharged cuttings and muds solids over time, 
based on the prevailing current conditions, the proposed drilling and discharge program, and physical 
properties of the discharged cuttings and muds solids. 

As the spud date may vary, 100 simulations were modelled with varying start dates to assess a range of 
current conditions.  

Table 1.1 Coordinates for the drill cuttings and muds discharge modelling release location. 

Well name Latitude* Longitude* Water depth (m)

Kyla
56° 53' 1.1" N

[6,305,250 N] 

1° 13' 50.7" E

[575,000 E] 
91 

*Datum: WGS84 [ED50 / TM 0 N] 
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2 SCOPE OF WORK 

The scope of work included the following components: 

1. Ten years (2010 to 2019 (inclusive)) of current data were generated, which included the combined 
influence of ocean and tidal currents. The current data are suitably long enough to be indicative of 
interannual variability in ocean currents; 

2. The current data and the defined discharge program specifics were input into the three-dimensional 
dispersion model (MUDMAP) with a total of 100 simulations modelled that included discharges at the 
seafloor and sea surface. Each simulation had different start times to ensure a range of current 
conditions were assessed; 

3. Present example deterministic modelling results of the sea surface discharges for the drilling program; 
and 

4. Results from the 100 simulations were overlayed to determine the maximum sediment deposition, and 
total TSS concentrations based on acute (1-hr averaged concentration) and chronic (24-hr averaged 
concentration) exposure thresholds, in each grid cell. 
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3 REGIONAL CURRENTS 

The release location is located within the central region of the North Sea. The North Sea is a shallow sea 
that lies between Norway, the United Kingdom and the European Continent. Up to two thirds of the Sea is 
characterised by a depth shallower than 100 m. The Norwegian Trench being the one exception, with depths 
exceeding 700 m. This deep feature has a strong influence on the circulation within the North Sea. 

The variability of the general circulation in the North Sea is determined by varying local wind conditions and 
their interaction with the inflow of Atlantic water masses through the northern and southern boundaries 
(Mathis et al., 2015). The warm and saline Atlantic waters enter the North Sea through the English Channel 
and northern boundary (Winther and Johannessen, 2006). Waters entering through the northern boundary 
can be divided into three different inflow sites; the Orkneys-Shetland section (Fair Isle Current), the Shetland 
shelf area and the western section of the Norwegian Trench. 

General circulation patterns in the North Sea are predominantly cyclonic (Winther and Johannessen, 2006). 
The Atlantic water flow entering the North Sea is primarily southward and is steered by the local topography. 
Southern flows adjacent to the Norwegian mainland then proceed eastward through Skagerrak, the strait 
running between the Jutland peninsula of Denmark, the east coast of Norway and the west coast of Sweden, 
connecting the North Sea and the Kattegat Sea. This flow continues eastward, and when it reaches the inner 
part of Skagerrak, the area between Denmark, Sweden and Norway, it meets brackish water from the Baltic 
Sea and turns northward (Winther and Johannessen, 2006). This current follows the Norwegian coast west 
and then north and becomes the Norwegian Coastal Current. 

Figure 3.1 presents a schematic of the regional currents in the North Sea. 

Readers are referred to Lee (1980), Huthnance (1991) and Mathis et al., (2015) for detailed reviews of the 
physical oceanography of the North Sea.   

To accurately describe the variability in currents both horizontally and vertically, data based on the 
combination of ocean currents and tides were included as part of this study. Below is a summary of the 
combined datasets. 

Figure 3.1 Schematic showing the oceanic current circulation in the study region (Image source: OSPAR, 
2000). 
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3.1 Tidal currents 

HYDROMAP model has been thoroughly tested and verified through field measurements throughout the 
world for over 35 years (Isaji and Spaulding, 1984; Isaji et al., 2001; Zigic et al., 2003; Makarynskyy et al., 
2010), whilst being used for a wide variety of disciplines within marine environments (e.g. Zigic et al., 2003, 
2009; Talouli et al., 2009; King et al., 2010; Makarynskyy et al., 2010; 2015). HYDROMAP tidal current data 
has been used as input to forecast (in the future) and hindcast (in the past) pollutant spills in Australian 
waters and forms part of the Australian National Oil Spill Emergency Response System operated by AMSA 
(Australian Maritime Safety Authority). 

HYDROMAP employs a sophisticated sub-gridding strategy, which supports up to six levels of spatial 
resolution, halving the grid cell size as each level of resolution is employed. The sub-gridding allows for 
higher resolution of currents within areas of greater bathymetric and coastline complexity, and/or of interest 
to a study. 

The numerical solution methodology follows that of Davies (1977a and 1977b) with further developments for 
model efficiency by Owen (1980) and Gordon (1982). A more detailed presentation of the model can be 
found in Isaji and Spaulding (1984) and Isaji et al. (2001). 

3.1.1 Grid Setup 

RPS has a seamless global tidal model. The tidal domains are sub-gridded to a resolution of 500 m for 
shallow and coastal regions, starting from an offshore (or deep water) resolution of 8 km. The finer grid cells 
are allocated in a step-wise fashion to more accurately resolve flows along the coastline, around islands and 
over regions with more complex bathymetry. Figure 3.2 shows a zoomed in image of the North Atlantic 
Ocean and North Sea model regions. 

A combination of datasets was used to describe the shape of the seabed within the high-resolution grid. 
Depths for the region were extracted from nautical charts and the SRTM30_PLUS dataset (see Becker et al., 
2009), which provides a 30-arc second, or approximately 1 km, resolution. 
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Figure 3.2 Map showing the regions of sub-gridding for the study area and example nearshore resolution. 

3.1.2 Tidal Conditions 

The ocean boundary data for the regional model was obtained from satellite measured altimetry data 
(TOPEX/Poseidon 8.0) which provided estimates of the eight dominant tidal constituents at a horizontal 
scale of approximately 0.25 degrees. The eight major tidal constituents used were K2, S2, M2, N2, K1, P1, O1

and Q1. Using the tidal data, time series surface heights were calculated along the open boundaries for the 
simulation period. 

The Topex/Poseidon satellite data has a resolution of 0.25 degrees globally, with higher resolution in coastal 
regions, and is produced and quality controlled by NASA (National Aeronautics and Space Administration). 
The data capturing satellites, equipped with two altimeters capable of taking sea level measurements 
accurate to less than ± 5 cm, measured oceanic surface elevations (and the resultant tides) for the period 
1992 2005. In total these satellites carried out 62,000 orbits of the planet. The Topex-Poseidon tidal data 
has been widely used amongst the oceanographic community, being referenced in more than 2,100 
research publications (e.g. Andersen, 1995; Ludicone et al., 1998; Matsumoto et al., 2000; Kostianoy et al., 
2003; Yaremchuk and Tangdong, 2004; Qiu and Chen 2010). The Topex/Poseidon tidal data is considered 
suitably accurate for this study. 
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3.2 Ocean Currents 

Data describing the flow of ocean currents were for the years 2010 to 2019 (inclusive) obtained from 
HYCOM (Hybrid Coordinate Ocean Model) (Chassignet et al., 2007), which is operated by the HYCOM 
Consortium, sponsored by the Global Ocean Data Assimilation Experiment (GODAE). HYCOM is a data-
assimilative, three-dimensional ocean model that is run as a hindcast (for a past period), assimilating time-
varying observations of sea surface height, sea surface temperature and in-situ temperature and salinity 
measurements (Chassignet et al., 2009). The HYCOM predictions for drift currents are produced at a 
horizontal spatial resolution of approximately 8.25 km (1/12th of a degree) over the region, at a frequency of 
every 3 hours. HYCOM uses isopycnal layers in the open, stratified ocean, but uses the layered continuity 
equation to make a dynamically smooth transition to a terrain following coordinate in shallow coastal regions, 
and to z-level coordinates in the mixed layer and/or unstratified seas. 

The HYCOM model has been extensively documented through many publications which are available 
online1. The HYCOM data have also been used within the North Sea region for various application (e.g., 
Melsom, 2005; Winther and Johannessen, 2006; Winther and Evensen, 2006; Akinbamini et al., 2022).  

For this study, the HYCOM hindcast currents were obtained for the year 2010-2019. Figure 3.3 provides an 
example of the modelled surface ocean currents (HYCOM) for the region. 

Figure 3.3 Snapshot example of the predicted HYCOM ocean surface currents in the region. Colour and size 
of individual arrows indicate current speed (m/s). 

1 https://hycom.org/publications 
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3.3 Surface and Near-Bottom Currents Nearby the Release Location 

Figure 3.4 and Figure 3.5 present the monthly surface and near-bottom current roses nearby the release 
location, respectively. Note the convention for defining current direction is the direction the current flows 
towards, which is used to reference current direction throughout this report. Each branch of the rose 
represents the currents flowing to that direction, with north to the top of the diagram. Sixteen directions are 
used. The branches are divided into segments of different colour, which represent the current speed ranges 
for each direction. Speed intervals of 0.05 m/s and 0.1 m/s are predominantly used in these current roses. 
The length of each coloured segment is relative to the proportion of currents flowing within the corresponding 
speed and direction. 

Table 3.1 and Table 3.2 present the surface and near-bottom monthly current speeds and directions nearby 
the release location, respectively.  

The monthly average surface current speeds ranged from 0.21 m/s (June) to 0.24 m/s (January and 
December). Additionally, the monthly maximums reached speeds ranging between 0.63 m/s (April) and 
1.01 m/s (December; Table 3.1). The surface current directions were generally consistent with currents 
typically flowing along the east-northeast and south-southwest axis (Figure 3.4).  

In comparison, the monthly average near-bottom current speeds were relatively consistent ranging from 
0.19 m/s (February, April, June and November)0.20 m/s (January, March, July to October and December), 
whilst near-bottom monthly maximum current speeds ranged between 0.56 m/s (May) and 0.76 m/s (August; 
Table 3.2). Additionally, the near-bottom current direction predominantly occurred along the east-northeast 
and south-southwest axis (Figure 3.5).  
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Table 3.1 Monthly average and maximum surface current speeds nearby the release location. The 
data was derived by combining the HYCOM ocean data and HYDROMAP tidal data for 
2010-2019. 

Month 
Average current  

speed (m/s) 
Maximum current  

speed (m/s) 
General direction(s) 

(Towards) 

January 0.24 0.92 

East-northeast and South-
southwest axis 

February 0.23 0.94 

March 0.23 0.69 

April 0.22 0.63 

May 0.22 0.80 

June 0.21 0.74 

July 0.22 0.74 

August 0.22 0.82 

September 0.22 0.76 

October 0.23 0.72 

November 0.23 0.76 

December 0.24 1.01 

Minimum 0.21 0.63 
- 

Maximum 0.24 1.01 

Table 3.2 Monthly average and maximum near-bottom current speeds nearby the release location. 
The data was derived by combining the HYCOM ocean data and HYDROMAP tidal data 
for 2010-2019. 

Month 
Average current  

speed (m/s) 
Maximum current  

speed (m/s) 
General direction(s) 

(Towards) 

January 0.20 0.62

East-northeast and South-
southwest axis 

February 0.19 0.62

March 0.20 0.61

April 0.19 0.61

May 0.20 0.56

June 0.19 0.61

July 0.20 0.58

August 0.20 0.76

September 0.20 0.62

October 0.20 0.65

November 0.19 0.57

December 0.20 0.71

Minimum 0.19 0.56
- 

Maximum 0.20 0.76
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Figure 3.4 Monthly surface current rose distributions nearby the release location, derived from the 2010 to 
2019 modelled dataset. 



REPORT 

GOC425786  |  Serica Energy - Kyla Well  |  11 December 2025  |  Rev 3  |   

rpsgroup.com  Page 11 

Figure 3.5 Monthly near-bottom current rose distributions nearby the release location, derived from the 2010 
to 2019 modelled dataset. 
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4 WATER TEMPERATURE AND SALINITY 

The monthly depth-varying water temperature and salinity profiles nearest to the release location were 
obtained from the HYCOM dataset (see Section 3.2). 

The three-dimensional salinity and temperature datasets are used in the model domain to inform water 
density in through the water column layers. 

Table 4.1 presents the monthly average sea temperature and salinity of the surface and near-bottom layers 
nearby the release location. Monthly average surface water temperature ranged from 6.4oC (March) to 
15.4oC (August). In contrast, near-bottom waters ranged from 6.4oC (March and April) to 8.2oC (January). 
Salinity remained relatively consistent through the water column ranging between 34.8 psu to 35.0 psu.  

Figure 4.1 presents depth profiles of water temperature and salinity nearby the release location. 

Table 4.1 Monthly average sea surface temperature and salinity nearby the release location. 

Month 

Temperature (oC) Salinity (psu) 

Surface Near-bottom Surface Near-bottom 

January 8.2 8.2 35.0 35.0 

February  7.0 7.0 35.0 35.0 

March 6.4 6.4 35.0 35.0 

April 7.0 6.4 35.0 35.0 

May 9.5 6.5 35.0 35.0 

June 12.1 6.6 35.0 35.0 

July 14.5 6.9 34.9 35.0 

August 15.4 6.8 34.8 35.0 

September 13.6 6.9 34.8 34.9 

October 11.6 7.3 34.8 35.0 

November 9.0 7.7 34.9 34.9 

December 7.5 7.5 35.0 35.0 

Minimum 6.4 6.4 34.8 34.9 

Maximum 15.4 8.2 35.0 35.0 
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5 SEDIMENT DISPERSION MODELLING 

5.1 Sediment Dispersion Model Description  MUDMAP 

MUDMAP is a three-dimensional plume model used by industry and regulators to aid in assessing the 
potential environmental effects from operational discharges such as drill cuttings, drilling fluids (muds) and 
produced water. The model has been applied to hundreds of assessments in over 35 countries. 

The far-field calculation (passive dispersion stage) employs a particle-based, random walk procedure. The 
model predicts the dynamics of the discharge material and resulting seabed concentrations and bottom 
thicknesses over the near-field (i.e. the immediate area of the discharge) and the far-field (the wider region). 
Figure 5.1 shows a conceptual diagram of the dispersion and fates of drill cuttings and muds discharge to 
the ocean and an idealized representation of the three discharge phases.  

Settling under currents is selective for particle size, with the larger particles (rock chips to sand) tending to 
settle quickly, forming a pile that aligns with the predominant current axis. Smaller particles (especially silts 
and clays) will remain suspended for longer periods and will therefore be dispersed more widely by the 
ambient current conditions. Dispersion of the finer discharged material will tend to be enhanced with 
increased current speeds and water depth and with greater variation in current direction over time and depth. 

Along with the advanced analyses tools, MUDMAP can simulate six classes of material (or 36 sub-
categories), each with unique density and particle-size distribution. During the dispersion stage, the model 
particles are transported in three-dimensions according to the current data and horizontal and vertical mixing 
coefficients at each time step according to the governing equations. 

MUDMAP has been extensively reported, validated and applied for discharge operations (e.g. Burns et. al., 
1999; King and McAllister, 1997, 1998; Spaulding, 1994; Albert and Prosser, 2023). 

Figure 5.1 Conceptual diagram showing the general behaviour of cuttings and muds following the discharge 
to the ocean (Neff, 2005) and the idealised representation of the three discharge phases. 
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5.2 Drilling and Discharge Program 

Serica has indicated that a conventional drilling design will be used for the proposed drilling program. The 
following is the description of the proposed drilling and discharge.  

Table 5.1 presents a summary of the estimated discharge of volume of drill cuttings and unrecoverable mud 
solids for the proposed drilling and discharge program. To account for any unforeseen mechanical or 
geological issues, a re-spud scenario and contingency sidetrack have been added to the well profile to 
represent a worst-case scenario. 

Drilling of the well will commence with a diameter well interva  diameter well 
interval and may require a re-spud scenario. Both well intervals will be drilled using seawater sweeps with 
the cuttings being returned (discharged) directly to the seafloor (riser-less discharge) over 0.78 days and 
4.88 days , respectively.  

Following the near-seabed discharge, 17.5 , (PH), 12.25 (Dev) bore 
diameter well intervals will be drilled using low-toxicity oil-based muds (LTOBM) which, for the purposes of 
this study, are assumed to be thermally processed (involving a milling process) on the mobile offshore drilling 
unit and returned to the sea surface. The cuttings and muds will be discharged from a vertically orientated 
pipe over 20.74 days (Table 5.1). 

Note, the cuttings powder discharged by thermal processing have <1% oil on cuttings (OOC) which complies 
with Offshore Petroleum Regulator for Environment and Decommissioning (OPRED) hydrocarbon discharge 
requirements (~0.06% OOC). The milled cuttings and muds solids would be dispersed in the water column 
and are highly unlikely to form piles on the seabed.  

The anticipated total discharge duration per well is 26.4 days. 

Table 5.1 Summary of the estimated discharge of volume of drill cuttings and unrecoverable mud solids for 
each well interval. 

Bore Diameter 
(inches) 

Discharge 
method

Volume of 
cuttings 

solids (m3)

Fluid Type Volume of 
muds liquid 
and solids 

(m3)

Volume of 
solids in the 
muds (m3)

Discharge 
Duration 

(days)

36 

Returned 
directly to 
seabed 

30 

Seawater 
sweeps 

125 12.5 0.39 

36 (re-spud) 30 125 12.5 0.39 

26 185 670 67 2.44 

26 (re-spud) 185 670 67 2.44 

17.5 
Cuttings and 
drilling fluid 
brought to 
MODU and 

discharged to 
the sea surface

105 

LTOBM 

341 34.1 2.48 

17.5 (sidetrack) 105 341 34.1 2.48 

12.25 (PH) 107 449 44.9 4.73 

12.25 (Dev) 100 441 44.1 5.20 

9.5 48 489 48.9 5.85 

Total 895 3,651 365.1 26.4 
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5.3 Discharge Input Data 

The input data used to setup the dispersion model included:  

Volume and discharge duration of the cuttings and unrecovered muds solids; 

Particle size distributions (PSD) and associated settling velocities of discharged cuttings and 
unrecoverable muds solids; 

Bulk density of the discharged cuttings and unrecoverable muds solids; 

Temperature and salinity profile of the receiving waters; 

The size and orientation of the discharge pipe; 

The height/depth of the discharge point relative to mean sea level; and 

Depth-varying current data to represent local physical forcing. 

Table 5.2 provides a summary of the discharge configuration and the estimated volume of cuttings and muds 
solids input into the discharge model. Simulations were run for an additional period after the completed 
discharges to allow sediments to disperse through the water column and potentially deposit on the seafloor 
(see Table 5.2). 

Table 5.2 Input data used for the drill cuttings and muds modelling. 

Parameter/description Kyla 

Total volume of cuttings discharged (m3) 895 

Total volume of muds solids discharged (m3) 365.1 

Discharge duration (days) [model duration] 26.4 [29] 

Depth of surface discharge (m) 0 (sea surface) 

Height of riserless discharge above seafloor (m) 2 

Water depth (m) 91 

Discharge pipe orientation Vertically downwards 

Number of simulations 100 
(randomly selected start simulation dates and 

times between 2010 2019, inclusive) 

Seasonal or Annual assessment Annual 

It is anticipated that well intervals will be drilled using a conventional drilling approach. Model input included 
particle sizes for cuttings and drilling muds returned to the seafloor varying in diameter between 0.016 mm 
and 6 mm (Table 5.3). The PSD is representative of data previously used for well intervals drilled using WBM 
(e.g. Koh & Teh, 2011; IOGP, 2016). The PSD are based on the relative contribution of cuttings and drilling 
muds discharge volumes. Furthermore, it is assumed that cuttings and LTOBM from the 17.5 9 well 
diameter intervals will undergo thermal processing that includes a milling component on the MODU based on 
Rotomill technology (TWMA, 2024a). Particle sizes and percentage distributions used as model input are 
reflective of PSD analysis data presented by TWMA (2024b) and are presented in Table 5.4. 

It is important to note that grain size has a greater influence on the rate of settling than density (Neff, 2005). 
The fall velocities for the various size classes were derived from empirical data provided by Dyer (1986). 
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Table 5.3 Cuttings and muds sediment grain sizes, settling velocities and percentage distributions 
applicable for each release location. 

Class Grain size (mm) Settling velocity (cm/s) Percentage Distributions

M
e

d
iu

m
c
u

tt
in

g
s

6 53.62 8.6 

5 49.46 8.6 

2 28.55 8.6 

1 12.73 5.8 

0.5 7.5 5.8 

0.45 6.6 2.9 

L
ig

h
t
c
u
tt
in

g
s

0.4 6 2.9 

0.35 5 2.8 

0.3 4 2.8 

0.25 3.1 2.8 

0.2 2.3 2.8 

0.15 1.6 2.8 

V
e

ry
lig

h
t
c
u

tt
in

g
s 0.1 0.8 2.8 

0.05 0.22 2.8 

0.04 0.15 2.9 

0.03 0.08 2.9 

0.02 0.04 2.9 

D
ri

lli
n
g

m
u

d
s
o
lid

s 0.063 0.34 0.4 

0.05 0.22 1.6 

0.035 0.11 3.7 

0.026 0.06 6 

0.02 0.038 7.4 

0.016 0.026 9.4 

Table 5.4 Thermal processed cuttings and muds sediment grain sizes, settling velocities and 
percentage distributions. 

Class Grain size (mm) Settling velocity (cm/s) Percentage Distributions

lo
w

-t
o

xi
ci

ty
o

il-
b

a
se

d
m

u
d

0.15 1.6 8 

0.063 0.34 10 

0.04 0.15 7 

0.03 0.08 10 

0.02 0.038 5 

0.016 0.026 60 
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5.4 Grid Configuration 

A grid covering a 50 km (longitude, x-direction) by 50 km (latitude, y-direction) region with varying depths 
was employed. The grid consisted of cells with a horizontal resolution of 50 m to calculate the deposition of 
drill cuttings and muds on the seabed and a vertical resolution of 10 m to estimate the TSS concentrations. 

5.5 Mixing Parameters 

The horizontal and vertical dispersion coefficients are used in dispersion modelling to represent the mixing 
and diffusion processes caused by turbulence, which are sub-grid processes at the scale of the 
hydrodynamic model drivers. The dispersion coefficients are expressed in units of rate of area change 
(m2/s). Increasing the horizontal dispersion coefficient will increase the horizontal spread of the discharge 
plume and decrease the centreline concentrations. Increasing the vertical dispersion coefficient spreads the 
discharge further across the vertical layers. 

The horizontal turbulent diffusion of the plume is dependent on the hydrodynamic conditions (i.e. wind, wave 
and current) and the physical scale of the plume compared to the scales of the oceanic processes that 
disperse the plume. For a plume of approximately 10-100 m width, dispersion occurs primarily through small-
scale horizontal swirling motions and vertical mixing, with a horizontal dispersion rate of the order of 
0.1 m2/s. As the plume grows to a scale of 1-10 km, it begins to be subject to mesoscale eddies and 
horizontal dispersion rate becomes of the order of a few to tens m2/s. 

A horizontal coefficient value of 0.25 m2/s was used to account for the turbulence as the discharged solids 
are transported from the release location for the near-bottom discharges. Additionally for the near-bottom 
discharges a low vertical coefficient value was employed (0.0001 m2/s). In comparison, sea surface 
discharges employed horizontal and vertical coefficients of 1.0 m2/s and 0.001 m2/s, respectively.  

5.6 Reporting Thresholds 

The MUDMAP model is capable of predicting sediment deposition and TSS concentrations at levels below 
ecological relevance. To ensure that model results are both meaningful and interpretable, carefully selected 
thresholds for reporting are applied. Among the various sensitive marine ecosystems affected by sediment 
and turbidity stress, corals are recognised as the most vulnerable. Although cold-water corals have not been 
recorded in this area of the North Sea, by applying thresholds based on coral responses, this assessment 
adopts a worst-case conservative benchmark that ensures the protection of the most sensitive ecosystem 
components. 

5.6.1 Deposition 

Sediment impact is usually assessed by total sedimentation rate (mass of sediment settling per unit area per 
day), deposition thickness, or both. 

Coral species vary widely regarding their tolerance to sediment deposition, ranging from less than 
10 mg/cm²/day to over 400 mg/cm²/day (Erftemeijer et al., 2012). A conservative low exposure threshold of 
10 mg/cm²/day has been applied for this study (see Table 5.5). Sustained high sedimentation rates of 
30 mg/cm²/day (Hodgson, 1990; Browne et al., 2015) and above 100 mg/cm²/day over several weeks can 
lead to coral smothering, tissue necrosis, and long-term declines in coral cover (MScience, 2011). These 
impacts result from multiple interacting stressors, including the physical burden of sediments, shading and 
light limitation, and nutrient and contaminant loads associated with suspended material (Fabricius, 2005). 

respectively, as shown in Table 5.5. 

Equivalent sediment thicknesses were calculated based on the anticipated total discharge period of 
26.4 days and an assumed in-situ bulk density of 2,600 kg/m³. The low exposure threshold of 10 mg/cm²/day 
corresponds to approximately 1.0 mm of sediment accumulation over this period. Additionally, moderate and 
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high exposure thickness thresholds would equate to 3.0 mm to 10.2 mm, respectively. These align with 
literature findings such as Gilmour (2002), who observed that older corals suffer injury from 2 mm sediment 
layers applied every two days, with larger polyps showing damage at 5 mm and 10 mm sediment layers. 
Mesocosm experiments by Trannum et al. (2010) showed that cuttings layers as thin as 3 mm cause gradual 
community declines over six months in soft-sediment communities. 

Table 5.5 Reporting thresholds for sediment deposition for the drill cuttings and unrecoverable 
muds discharge modelling for the 26.4-day drilling operation. 

Impact level 
Sedimentation rates

(mg/cm²/day)

Equivalent sediment bottom 
thickness thresholds 

(mm)^ 
Notes/Comments 

No Impact <10 
No measurable effect; natural sediment 
fluxes tolerated 

Low Exposure 10 1.0 
Minor effects; some sediment 
accumulation but corals tolerate 

Moderate Exposure 30 3.0 
Sub-lethal effects; reduced larval 
settlement (Babcock & Davies 1991), 
tissue stress 

High Exposure >100 >10.2 
Smothering, mortality risk; long-term 
coral cover decline 

^ Based on anticipated total discharge duration of 26.4 days and assuming final settled in-situ bulk density of 2,600 kg/m3 

5.6.2 TSS Concentration 

A fundamental principle in assessing turbidity effects is the relationship between intensity (or TSS 
concentrations) and duration of exposure (Figure 5.2). High concentrations over a short duration may cause 
immediate stress or mortality, while prolonged exposures at lower concentrations can generate similar 
cumulative impacts. To address this relationship, TSS thresholds are expressed using both 1-hour averages 
(representing acute exposure) and 24-hour averages (representing chronic exposure). 

The durations used here are intentionally conservative compared to those reported in experimental studies. 
Typically, acute effects are measured over periods of 1 to 7 days, while chronic effects are assessed over 
weeks to months (Brown et al., 2015; Stump et al., 2019). By comparison, this assessment adopts durations 
of just 1 hour (acute) and 24 hours (chronic), which is more appropriate given the operational context of drill 
cuttings and mud discharges, where TSS levels can rise sharply within minutes to days, significantly 
exceeding background levels. By applying shorter durations, the thresholds remain protective and 
precautionary. 

In pristine offshore environments, background TSS levels are typically less than 10 mg/L, whereas naturally 
turbid nearshore reefs can experience levels exceeding 100 mg/L (Erftemeijer et al., 2012). Studies have 
shown that short-term spikes between 50 and 100 mg/L can cause acute sub-lethal stress, such as 
increased mucus production and reduced photosynthesis (Browne et al., 2015; Stump et al., 2019). Chronic 
exposures between 15 to 50 mg/L are linked to long-term physiological impairment, reduced reproductive 
success and higher mortality rates (Browne et al., 2015; Erftemeijer et al., 2012). The final reporting TSS 
thresholds are presented in Table 5.6.  
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Table 5.6 Reporting thresholds for TSS concentrations for the drill cuttings and unrecoverable 
muds discharge modelling. 

Impact level Acute Exposure 
(1-hour averaged 

concentration) (mg/L) 

Chronic Exposure  
(24-hour averaged 

concentration) (mg/L) 

Notes/Comments 

No Impact <10 <5 
Background or natural variability; 

corals tolerate well 

Low Exposure 10 5 
Minor physiological stress; corals 

acclimate to short pulses 

Moderate Exposure 50 15 
Sub-lethal effects; mucus 

production, reduced 
photosynthesis 

High Exposure > 100 > 50 
Tissue damage, mortality risk; 
chronic exposure particularly 

harmful 

Figure 5.2 Conceptual relationship between the intensity and duration of a stress event and the risk of 
sublethal and lethal effects on corals. The figure illustrates the general relationship between the 
magnitude of an increase in turbidity or sedimentation above background levels (vertical axis), 

how long it lasts (horizontal axis) and the onset of effects on corals 
(Source: Erftemeijer et al., 2012).
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5.7 Analysis of Output 

During each individual simulation the MUDMAP model recorded the final mass on the seafloor in each grid 
cell over the entire model domain. Once all simulations were complete all model outputs were compared to 
determine the maximum deposition that occurred in each grid cell across all of the runs. 

Additionally, during each simulation a timeseries of the TSS concentrations through the water column were 

recorded at 5-minute intervals within each grid cell. This time series was used to calculate the highest 1-hour 

moving averaged (acute exposure) and 24-hour moving averaged (chronic exposure) TSS concentrations for 

the simulation. Thereafter, once all the simulations were run, the moving averages from each individual 

simulation were compared to determine the maximum acute and chronic exposure concentrations. 

6 Results 

6.1 Deterministic Modelling Results 

Deterministic modelling (single simulation) results of the near-seabed and near-sea surface discharges for 
the drilling and discharge program are presented below.  

6.1.1 Deposition 

Figure 6.1 and Figure 6.2 present model screenshots of the sedimentation rate during the modelled drilling 
and discharge operation during the near-seabed discharges from a single simulation. The sedimentation rate
during the near-surface discharges for the single simulations did not exceed the low exposure threshold of 
10 mg/cm²/day, as such no figures are presented. 

The model screenshots illustrate the evolution of the deposition. These images have been included to 

the time-varying current directions and speeds. 
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Figure 6.1 Example plan-view screenshots of the predicted sedimentation rate (in each grid cell) 24 hours (top 
image) and 48 hours (bottom image) after the commencement of the near-seabed discharges of 

drilling cuttings and muds. Screenshot results are from 1 simulation of the 100 modelled as part of 
the study. 
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Figure 6.2 Example plan-view screenshots of the predicted sedimentation rate (in each grid cell) 72 hours (top 
image) and 96 hours (bottom image) after the commencement of the near-seabed discharges of 

drilling cuttings and muds. Screenshot results are from 1 simulation of the 100 modelled as part of 
the study. 
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6.1.2 Total Suspended Solids 

Figure 6.3 and Figure 6.4 present model screenshots of the TSS concentrations during the modelled drilling 
and discharge operation during the near-seabed discharges from a single simulation. Additionally, Figure 6.5 
and Figure 6.6 present the associated TSS concentration during the near-surface discharges also during a 
single simulation. 

The model screenshots illustrate the dynamic nature of the TSS plume and provide both an aerial (plan) view 
illustrating the predicted TSS concentrations within the water column (cross section) along a given transect. 

the TSS plume influenced by the time-varying current directions and speeds. 
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Figure 6.3 Example plan-view and water column (cross section) screenshots of the predicted TSS 
concentrations (in each grid cell) 3 hours (top image) and 6 hours (bottom image) after the 

commencement of the near-seabed discharges of drilling cuttings and muds. Screenshot results 
are from 1 simulation of the 100 modelled as part of the study. 
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Figure 6.4 Example plan-view and water column (cross section) screenshots of the predicted TSS 
concentrations (in each grid cell) 9 hours (top image) and 12 hours (bottom image) after the 

commencement of the near-seabed discharges of drilling cuttings and muds. Screenshot results 
are from 1 simulation of the 100 modelled as part of the study. 
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Figure 6.5 Example plan-view and water column (cross section) screenshots of the predicted TSS 
concentrations (in each grid cell) 3 hours (top image) and 6 hours (bottom image) after the 

commencement of the surface discharges of drilling cuttings and muds. Screenshot results are 
from 1 simulation of the 100 modelled as part of the study. 
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Figure 6.6 Example plan-view and water column (cross section) screenshots of the predicted TSS 
concentrations (in each grid cell) 9 hours (top image) and 12 hours (bottom image) after the 

commencement of the surface discharges of drilling cuttings and muds. Screenshot results are 
from 1 simulation of the 100 modelled as part of the study. 
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6.2 Stochastic Modelling Results 

6.2.1 Deposition 

Figure 6.7 presents the maximum sedimentation rates and equivalent total bottom thickness in each grid cell 
from all simulations (100 per release location) to define the potential exposure from the discharge of cuttings 
and muds for the proposed drilling program, to define the potential exposure from the discharge of cuttings 
and muds for the modelled discharge program.  

The maximum predicted thickness of deposited cuttings and muds was predominantly associated with the 
drilling of the 36- and 26-inch bores, which were returned directly to seafloor from a discharge height of 2 m 
above the seafloor. A maximum thickness of 0.57 m was predicted within 50 m of the discharge location.  

Table 6.1 summarise the total area of coverage and the maximum distances from the release location for 
each sedimentation rate (and equivalent total bottom thickness) of 10 mg/cm²/day (1.0 mm), 30 mg/cm²/day 
(3.0 mm) and 100 mg/cm²/day (10.2 mm; Table 6.1) for the modelled 26.4-day discharge program. 

Based on the assessment of 100 simulations the maximum distances from the release location to the edge 
of the low exposure (10 mg/cm²/day [1.0 mm]) , moderate exposure (30 mg/cm²/day [3.0 mm]) and high 
exposure (100 mg/cm²/day [10.2 mm]) thresholds were 0.33 km, 0.15 km and 0.06 km, respectively.  

The total area of coverage for the low exposure threshold, or greater, was 0.12 km2 (Table 6.1). 

Table 6.1 Predicted areas of coverage and maximum distances from the release location for each reporting 
threshold based on the results of all 100 simulations.  

Annual assessment 

Sedimentation 
rate 

(mg/m2/day) 

Equivalent total sediment bottom 
thickness* 

(mm)^ 

Total area of coverage 
(km2) 

Maximum distance (km) from 
the release location 

10 1.0 0.12 0.33

30 3.0 0.02 0.15

100 10.2 0.01 0.06

* Based on anticipated total discharge duration and assuming final settled in-situ bulk density of 2,600 kg/m3 
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6.2.2 Total Suspended Solids 

Figure 6.8 and Figure 6.9 illustrate the maximum moving average concentrations computed over 1-hr and  
24-hr in each grid cell from all 100 simulations, representing acute and chronic exposures respectively, to 
define the potential exposure from the discharge of cuttings and muds. 

Table 6.2 summarises the total area of coverage and maximum distances from the release location for each 
TSS concentration threshold based on acute and chronic exposures. 

Based on the assessment of 100 simulations, the maximum distance from the release location to the edge of 
the low exposure TSS concentration threshold (10 mg/L) for acute exposure (1-hr averaged concentration) 
was 1.02 km. Additionally, the maximum distance from the release location to the edge of the moderate 
exposure TSS concentration threshold (50 mg/L) for acute exposure (1-hr averaged concentration) was 
0.27 km. High exposure (100 mg/L) TSS concentrations did not exceed 0.27 km from the release location. 
The total area of coverage for the low exposure threshold, or greater, was 1.19 km2 (Table 6.2).  

The maximum distance from the release location to the edge of the low exposure TSS concentration 
threshold (5 mg/L) for chronic exposure (24-hr averaged concentration) was 0.41 km. Additionally, the 
maximum distance from the release location to the edge of the chronic moderate exposure TSS 
concentration threshold (15 mg/L) was 0.19 km. Chronic high exposure (50 mg/L) TSS did not exceed 
0.08 km from the release location. The total area of coverage for the low exposure threshold was 0.16 km2

(Table 6.2). 

The discharge of cuttings and muds will lead to relatively short-lived increased TSS concentrations of 
typically up to 24 hours, which are expected to dilute and reduce with distance from the release location to 
concentrations below the reporting thresholds. Based on the temporary elevated concentrations of TSS 
concentrations at the low exposure threshold, and the limited occurrence of the very localised high exposure, 
the impact likelihood is thus considered low. 

Table 6.2 Predicted total areas of coverage and maximum distances to acute and chronic exposure from the 
release location to each reporting threshold based on the results of all 100 simulations.  

Annual 

Reporting threshold (mg/L) Total area of coverage (km2) 
Maximum distance (km) from the 

release location 

Acute Exposure (1-hr averaged concentration)

10 1.19 1.02 

50 0.10 0.27 

100 0.08 0.27 

Chronic Exposure (24-hr averaged concentration)

5 0.16 0.41 

15 0.05 0.19 

50 0.01 0.08 
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Executive Summary 

An assessment of the likely effect of underwater noise on marine mammals and fish from planned offshore piling 

at the Kyle Oil Field (UKCS Block 29/2c) in the North Sea has been undertaken by Subacoustech Environmental 

Ltd. The assessment covers the noise generated from impact piling of a valve skid structure. Detailed numerical 

modelling of the works was used to generate noise contours, which were then used to predict the likely ranges 

to the relevant noise exposure criteria for marine mammals and fish.  

The results have been interpreted using the guidelines provided in Southall et al. (2019) for marine mammals 

and Popper et al. (2014) for fish. These interpretations are based on worst-case parameters with no 

implemented mitigation measures. 

It is predicted that marine mammals such as harbour porpoise would need to be 20 m from the impact piling 

operation during piling at maximum energy to exceed the permanent auditory injury criteria, with smaller ranges 

for other species of marine mammal. For fish, it is unlikely that noise from impact piling will cause injury at 

ranges greater than 10 m when considering a fleeing receptor. However, fish with swim bladders involved in 

their hearing (e.g., cod, sprat and shad) are at risk of mortality if they remain within 180 m of the piling for the 

full 8-hour installation period. 

Note that the modelling calculations and predicted impact ranges will produce results that should be considered 

indicative of the onset of effects on receptors during the works and should not be considered as absolute ranges. 
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Terminology 

Cumulative Sound Exposure Level 

(SELcum or LE,p,t) 

Single value for the collected, combined total of sound exposure over 

a specified time or multiple instances of a noise source. 

Decibel (dB) A customary scale commonly used (in various ways) for reporting 

levels of sound. The dB represents a ratio/comparison of a sound 

measurement (e.g., sound pressure) over a fixed reference level. The 

dB symbol is followed by a reference value (e.g., re 1 µPa).

Level of the Peak Sound Pressure 

(SPLpeak or Lp,pk) 

The highest (zero-peak) positive or negative sound pressure, in 

decibels.  

Peak pressure The highest pressure above or below ambient that is associated with 

a sound wave. 

Peak-to-peak pressure The sum of the highest positive and negative pressures that are 

associated with a sound wave. 

Permanent Threshold Shift (PTS) Noise threshold that represents the onset level of a permanent 

impairment hearing caused by acoustic trauma. PTS results in 

irreversible damage to the sensory hair cells of the ear, and thus a 

permanent reduction of hearing acuity. 

Root Mean Square (RMS) The square root of the arithmetic average of a set of squared 

instantaneous values. Used for presentation of an average sound 

pressure level. 

Sound Exposure Level (SEL or LE,p,t) The constant sound level acting for one second, which has the same 

amount of acoustic energy, as indicated by the square of the sound 

pressure, as the original sound. It is the time-integrated, sound-

pressure-squared level, and is typically used to compare transient 

sound events having different time durations, pressure levels, and 

temporal characteristics. 

Single Pulse Sound Exposure Level, 

(SELsp or LE,p,sp) 

Calculation of the sound exposure level representative of a single 

noise impulse, typically a pile strike. 

Sound Pressure Level (SPL or Lp) The sound pressure level is an expression of sound pressure using the 

decibel (dB) scale; the standard frequency pressures of which are 1 

µPa for water and 20 µPa for air.

Temporary Threshold Shift (TTS) Onset threshold level for a temporary reduction of hearing acuity 

caused by exposure to sound over time. 

Unweighted sound level 

for example to account for the hearing ability of a species. 

Weighted sound level auditory 

domain, typically to make an unweighted level relevant to a particular 

species.  
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Units 

dB Decibel (sound pressure) 

Hz Hertz (frequency) 

kg Kilogram (mass) 

kgm-3 Kilogram per metre squared (density) 

kJ Kilojoule (energy) 

kHz Kilohertz (frequency) 

km Kilometre (distance) 

km2 Square kilometres (area) 

m Metre (distance) 

mms-1 Millimetres per second (particle velocity) 

ms-1 Metres per second (speed) 

Pa Pascal (pressure) 

Pa2s Pascal squared seconds (acoustic energy) 

µPa Micropascal (pressure) 
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Acronyms 

BGS British Geological Survey 

EIA Environmental Impact Assessment 

EMODnet European Marine Observation and Data Network 

GIS Geographic Information System 

HF High-Frequency Cetaceans 

LF Low-Frequency Cetaceans 

NMPi National Marine Plan Interactive 

NPL National Physical Laboratory 

PCW Phocid Carnivores in Water 

PPV Peak Particle Velocity 

PTS Permanent Threshold Shift 

RMS Root Mean Square 

SE Sound Exposure 

SEL (LE,p) Sound Exposure Level 

SELcum (LE,p,t) Cumulative Sound Exposure Level 

SELss (LE,p,ss) Single Strike Sound Exposure Level 

SPL (Lp) Sound Pressure Level 

SPLpeak (Lp,pk) Peak Sound Pressure Level 

SPLpeak-to-peak (Lp,pk-pk) Peak-to-peak Sound Pressure Level 

SPLRMS (Lp,RMS) Root Mean Square Sound Pressure Level 

TTS Temporary Threshold Shift 

VHF Very High-Frequency Cetaceans 
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1

1.1 Project Overview 

On behalf of Serica Energy Chinook Ltd (Serica), Orbis Energy Ltd have requested underwater noise modelling 

covering the noise related to offshore piling works at the Kyle Oil Field, located in UKCS Block 29/2c in the central 

North Sea. 

Kyle is a ceased-production oil field located approximately 182 km to the southeast of Peterhead on the Scottish 

coastline. As part of the re-development project, Serica plan to install a piled valve skid structure at the proposed 

Kyle drill centre. A total of two valve skid structures are proposed to be installed, each with four piles per 

structure, installed via subsea impact piling. The potential noise and impacts on relevant marine fauna in the 

region from these works has been assessed using underwater noise modelling. 

This report provides the results and findings of the detailed modelling assessment of the impact piling activities. 

The modelling has been used to predict the sound generated during these activities, and to assess the impact of 

these levels on sensitive marine species in the region, with particular focus on marine mammals and fish. 

1.2 Study Area 

The location of one of the skid structures, where the piling will take place, is marked in Figure 1-1, which has 

been used for this modelling. The modelling extent covers a 100 km × 100 km area around this location. Within 

the modelling extent, the bathymetry shows similar water depths throughout, with several strips of very deep 

water found to the west and southwest, reaching depths of up to 174 m. 

Figure 1-1: Overview of the modelling extent, including the location of the works which generates the noise 
source (modelling location) in the North Sea. 
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1.3 Noise Sources 

A total of eight subsea piles are proposed to be installed across two skid structures (four subsea piles per 

structure). Each pile is estimated to take two hours to install, with a total of eight hours piling per day across a 

two-day period. A soft start is also included. The following details have been provided: 

Pile size: 0.61 m (24-inch) diameter x 24 m length, installed to a depth of 20 m. 

Maximum hammer blow energy: 90 kJ.  

Maximum blow rate: 50 blows per minute.  

Soft start with a ramp up from 30% energy to full energy over 5 minutes, with a reduced blow rate of 6 

strikes per minute. 

Impact piling has been identified as the only noise generating activity associated with the works. Details of the 

input parameters used for modelling this noise source in this assessment are presented in Section 3.1.5. 

1.4 Document Overview 

This report presents a detailed assessment of the potential underwater noise from the impact piling activities in 

the central North Sea, and covers the following: 

Section 2: Review of background information on measuring and assessing underwater noise. 

Section 3: Discussion of the modelling approach, input parameters and assumptions for the noise 

modelling undertaken. 

Section 4: Presentation of detailed subsea noise modelling and interpretation of the results using 

suitable noise metrics and criteria.

Section 5: Summary and conclusions. 
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Sound travels much faster in water (approximately 1,500 ms-1) than in air (343 ms-1) as water is relatively 

incompressible and has a higher density than air. This affects the way in which sound measurements are 

expressed between the two mediums, which means that underwater sound levels are not directly comparable 

to airborne sound levels. This is noted for context; this report does not contain or include any reference to 

airborne sound levels. 

2.1 Units of Measurement  

Sound measurements are usually expressed using the decibel (dB) scale, which is a logarithmic measure of 

sound. The dB scale represents a ratio, and therefore, it is used with a reference unit, which is the base from 

which the ratio is expressed. The fundamental definition of the dB scale is given in Equation 1: 

(1) 

where  is pressure, measured in Pascals (Pa), and  is the reference pressure, given as 1 µPa (1x10-6 Pa) as 

defined in ISO 18405:2017 for underwater noise. Noise can be quantified using various metrics depending on 

the nature of the sound, as discussed below.  

2.1.1 Sound Pressure Level  

Sound Pressure Level (SPL or Lp) is a measure of the pressure variation caused by sound waves, expressed in 

decibels (dB), as seen in Equation 1. Variations of Lp are used depending on the noise source being measured. 

Unless otherwise defined, all Lp noise levels in this report are referenced to 1 µPa.

2.1.1.1 Level of the Mean Squared Sound Pressure 

For continuous, non-impulsive noise sources such as drilling or vibropiling, an unweighted sound pressure level, 

averaged over a measurement period, known as a root mean squared (RMS) sound pressure level (SPLRMS or 

Lp,RMS), can be used to represent the noise levels. The RMS period must be specified (e.g. Lp,RMS(125ms)), as the 

mean level can vary significantly depending on the measurement duration. 

2.1.1.2 Level of the Peak Sound Pressure 

Transient, impulsive pressure waves, such as generated from impact piling, are usually expressed using level of 

the peak sound pressure (SPLpeak or Lp,pk). This is calculated using the maximum pressure variation from positive 

to zero, representing the peak change in pressure as the transient wave propagates. A further variation of this 

is the peak-to-peak sound pressure level (SPLpeak-peak or Lp,pk-pk) which considers the maximum pressure variation 

from positive to negative. For a symmetrically distributed wave, the peak-to-peak pressure is twice the peak 

level, or 6 dB higher. 
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2.1.2 Sound Exposure Level 

Sound Exposure Level (SEL or LE,p) is a measures Sound Exposure (SE), which represent the total acoustic energy 

of a sound event in dB, accounting for both the sound's intensity and duration. LE,p provides a way to quantify 

the total energy in a sound, making it useful for assessing the impact of both continuous and transient sounds. 

Variations of LE,p are used depending on the noise source being measured. For context, LE,p can be compared 

Lp,RMS using Equation 2: 

(2) 

where the Lp,RMS is a measure of the average level of broadband noise and the LE,p sums the cumulative 

broadband noise energy. For continuous sounds shorter than one second, the LE,p is lower than the Lp,RMS. For 

durations longer than one second, the LE,p exceeds the Lp,RMS (e.g., a 10-second sound results in a 10 dB higher 

SEL and a 100-second sound gives a 20 dB higher SEL). Unless otherwise defined, all LE,p noise levels in this report 

are referenced to 1 µPa2s. 

2.1.2.1 Single Strike Sound Exposure Level 

Single strike Sound Exposure Level (SELss or LE,p,ss) refers to the total acoustic energy from a single, loud, short 

duration noise event (such as a blast or impact) measured over a specified duration. This can be expressed using 

Equation 3: 

(3) 

where  is the acoustic pressure in Pascals,  is the total duration of sound in seconds, and  is time in seconds.  

2.1.2.2 Cumulative Sound Exposure Level 

A cumulative Sound Exposure Level (SELcum or LE,p,t) accounts for the exposure from multiple impulses or pile 

strikes over time, where the number of impulses replaces the  in the Equation 3, leading to Equation 4:  

(4) 

Where  is the total number of impulses or strikes within a specific timeframe.  
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2.2 Properties of Sound 

2.2.1 Impulsive vs Non-impulsive 

Sound can be categorised loosely into two types: impulsive and non-impulsive. These can be defined as: 

Non-impulsive: a steady-state sound. It does not necessarily have to have a long duration. 

o Examples: vibropiling, drilling 

Impulsive: a sound with a high peak sound pressure, short duration, fast rise-time and broad frequency 

content at the source. 

o Examples: impact piling, seismic airguns, explosives 

These differences are crucial for assessing auditory injury, as impulsive sound is typically more harmful than non-

impulsive sound. Different metrics are needed to describe these distinct sound sources: 

Impulsive: Use Lp,pk, LE,p,ss or LE,p,t

Non-impulsive: Use Lp,RMS or LE,p,t

Categorising sound as impulsive or non-impulsive can be challenging, especially over long distances. As impulsive 

sounds travel, their energy dissipates, making them less impulsive and therefore potentially less injurious. 

Ongoing research, such as Martin et al. (2020), aims to define these categories. Hastie et al. (2019) found that 

impulsive sound can be considered non-impulsive 3.5 km from the source, while Southall (2021) suggests noise 

should be non-impulsive if energy above 10 kHz is absent. Research is ongoing to refine pulse characteristics, 

like kurtosis, for better categorisation. 

2.2.2 Particle Motion 

Particle motion, a key component of sound, describes the back-and-forth movement of particles in a medium 

(such as water) caused by sound waves. Unlike sound pressure, particle motion contains directional information 

(Hawkins and Popper, 2017). It is typically quantified by peak particle velocity (PPV), though acceleration or 

displacement can also be used. Research shows many fish species and marine invertebrates are sensitive to 

particle motion (e.g., Popper and Hawkins, 2019; Nedelec et al., 2016, Radford et al., 2012, Sole et al., 2023), 

but sound pressure metrics are still more commonly used due to limited data (Popper and Hawkins, 2018). Calls 

for further research on particle motion levels and effects continue. 
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2.3 Analysis of Environmental Effects: Assessment Criteria 

Over the past 20 years, it has become clear that human-generated underwater noise impacts marine species. 

The severity of these effects depends on factors like sound level, frequency, exposure duration, and repetition 

rate (Hastings and Popper, 2005). As a result, research on aquatic species' hearing abilities has grown, with 

studies focused on high-level noise sources such as seismic airguns, impact piling, and blasting, which have the 

most immediate environmental effects, though interest in chronic noise exposure is rising. 

The impacts of underwater sound on marine species can be broadly summarised as follows: 

Physical traumatic injury and fatality. 

Auditory injury (either permanent or temporary). 

Behavioural responses 

The following sections outline the underwater noise criteria used in this study for marine mammals and fish in 

the North Sea. 

2.3.1 Marine Mammals 

2.3.1.1 Southall et al. (2019): Auditory Injury (PTS and TTS) criteria 

Southall et al. (2019) is one of the most recognised references for marine mammal hearing thresholds and aligns 

with the thresholds provided in the National Marine Fisheries Service (NMFS, 2018) guidance. At the time of 

undertaking the assessment, although NMFS (2024) had been published as an updated weighting criteria and 

impact threshold, no UK regulators had provided guidance that the updated thresholds were acceptable and 

should be used in modelling assessments. Therefore, we continued with Southall et al. (2019) as the most trusted 

criteria at the time. 

The Southall et al. (2019) guidance categorises marine mammals into groups based on similar species and applies 

filters to the unweighted noise levels to approximate their hearing sensitivities. These groups are summarised 

in Table 2-1, with auditory weighting functions in Figure 2-1. Additional groups for sirenians and other marine 

carnivores are provided but not included in this study, as these species are not common in the North Sea. It 

LE,p,t,wtd notation refers to a LE,p,t with an appropriate Southall et 

al. (2019) marine mammal weighting function applied. 
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Table 2-1: Marine mammal hearing groups (from Southall et al., 2019). 

Hearing 
group

Auditory 
Weighting 
Function 

Generalised 
hearing range

Species group Example species

Low-
frequency 
Cetaceans 

LF 7 Hz to 35 kHz Baleen whales 
Sei Whale, Fin Whale, Minke 

Whale, Humpback Whale  

High-
frequency 
Cetaceans 

HF 150 Hz to 160 kHz 
Toothed whales, 

including dolphins 
and beaked whales 

Bottlenose Dolphin, White-

Dolphin, Common Dolphin, 
Orca, Sperm Whale, Pilot 

Whale, Northern Bottlenose 
Whale 

Very high-
frequency 
Cetaceans  

VHF 275 Hz to 160 kHz True porpoise Harbour porpoise 

Phocid 
carnivores 
in water  

PCW 50 Hz to 86 kHz True seals Harbour seal, Grey Seal 

Figure 2-1: Auditory weighting functions for low-frequency cetaceans (LF), high-frequency cetaceans (HF), very 
high-frequency cetaceans (VHF), and phocid carnivores in water (PCW) (from Southall et al., 2019) 
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Southall et al. (2019) presents noise impact thresholds for marine mammal groups based on: 

The sound type (impulsive vs non-impulsive) 

The type of auditory injury of concern 

Impact ranges based on impulsive criteria are recommended for most sources, except clearly non-impulsive 

ones. However, if the predicted range exceeds 3.5 km (see Section 2.2.1), the true impact range is likely to lie 

between the impulsive and non-impulsive ranges. Thus, both criteria are considered unless the sound source is 

explicitly non-impulsive. 

For LE,p,t thresholds in marine mammals, a fleeing animal model is used, assuming the animal swims away from 

the sound source. These are worst-case assumptions, as marine mammals can swim faster under stress 

(Kastelein et al., 2018), particularly at the start of a noisy event when they are closest to the source. The following 

flee speeds are applied for each marine mammal group: 

2.1 ms-1 for LF cetaceans (Scottish Natural Heritage; SNH, 2016) 

1.52 ms-1 for HF cetaceans (Bailey and Thompson, 2006) 

1.4 ms-1 for VHF cetaceans (SNH, 2016) 

1.8 ms-1 for PCW pinnipeds (SNH, 2016) 

Southall et al. (2019) presents specific impact thresholds for impulsive and non-impulsive sound criteria, based 

on different of auditory injury associated with the characteristics of these sounds. Auditory injury is categorised 

into two types: 

PTS (permanent threshold shift): the greatest severity, which is unrecoverable (but incremental) 

reduction in hearing sensitivity. 

TTS (temporary threshold shift): the least severity, which is a short-term reduction in hearing sensitivity. 

TTS represents the potential auditory impact with the most extensive range, but PTS represents the most 

significant and permanent impairment, making it the key impact threshold. 

Since impact piling is an impulsive noise source that is likely to propagate more than 3.5 km from the source, 

this study considered the impulsive and non-impulsive sound criteria for marine mammal PTS and TTS thresholds 

from Southall et al. (2019), which is summarised in Table 2-2 and Table 2-3. 

Table 2-2: Peak SPL (Lp,pk) criteria for PTS and TTS in marine mammals (Southall et al., 2019) 

Southall et al. (2019)

Lp,pk (dB re 1 µPa)

Impulsive

PTS TTS

Low-frequency 
cetaceans (LF) 

219 213 

High-frequency 
cetaceans (HF) 

230 224 

Very high-frequency 
cetaceans (VHF) 

202 196 

Phocid carnivores in 
water (PCW) 

218 212 
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Table 2-3: Cumulative SEL (LE,p,wtd) criteria for PTS and TTS in marine mammals (Southall et al., 2019) 

Southall et al. (2019)

LE,p,wtd (dB re 1 µPa2s)

Impulsive Non-impulsive

PTS TTS PTS TTS

Low-frequency 
cetaceans (LF) 

183 168 199 179 

High-frequency 
cetaceans (HF) 

185 170 198 178 

Very high-frequency 
cetaceans (VHF) 

155 140 173 153 

Phocid carnivores in 
water (PCW) 

185 170 201 181 

2.3.2 Fish  

2.3.2.1 Popper et al. (2014): Mortality, injury and behavioural effects 

Popper et al. (2014) offers guidelines on underwater noise impacts to marine fauna (excluding marine 

mammals). Unlike earlier studies, it categorises fish based on physiological morphology, particularly swim 

bladder function, that affect hearing sensitivity and provides criteria for key anthropogenic sound sources. 

Marine faunae are grouped into sea turtles, eggs and larvae, and three fish hearing categories: 

Fish: no swim bladder 

Fish: swim bladder not involved in hearing 

Fish: Swim bladder involved in hearing.  

Popper et al. (2014) then provides impact thresholds for each marine faunae category related to sound 

exposure, including: 

Mortality and potential mortal injury: immediate or delayed death. 

Impairment, such as: 

o Recoverable injury: injuries unlikely to result in mortality. 

o Temporary Threshold Shift (TTS): short or long-term changes in hearing sensitivity that may or 

may not reduce fitness. 

o Masking: Reduction in sound detectability due to the simultaneous presence of another sound. 

Behavioural effects: substantial change in behaviour for the animals exposed to a sound (long or short 

term). 
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Despite emerging evidence of fish sensitivity to particle motion (see Section 2.2.2), the Popper et al. (2014) 

criteria provide a quantitative criterion as thresholds for impact onsets in terms of sound pressure related 

functions (e.g., Lp,pk, Lp,RMS, LE,p,t). For fish, both stationary and fleeing animal models are used for LE,p,t thresholds 

to account for species diversity and varying responses to noise. Most species in Popper et al. (2014) are likely to 

flee from harmful sounds (Dahl et al., 2015), and these flee speeds are likely to vary widely across species. 

Therefore, a conservative fleeing speed of 1.5 ms-1 (Hirata, 1999) is used in fleeing animal models. However, 

some species in Popper et al. (2014) have lower sensitivity not sound, such as benthic or swim bladderless 

species, remain stationary even when exposed to high intensity sounds (e.g., Goertner et al., 1994, 1978; 

Stephenson et al., 2010; Halvorsen et al., 2012). Therefore, to avoid overestimating risk, a combined approach, 

which presents both fleeing and stationary models, is used in this report.  

When the available data is insufficient to provide a quantitative criterion, Popper et al. (2014) provides a relative 

assessment of risk, qualified as either high, moderate, or low, based on the receptor. These risks are assessed 

for three approximate distances relative to the sound source: the near-field (tens of meters), intermediate-field 

(hundreds of meters) or far-field (thousands of meters). This study uses the criteria from Popper et al. (2014) for 

pile driving, summarised in Table 2-4.  

Table 2-4: Recommended guidelines for pile driving according to Popper et al. (2014) for fish, sea turtles and 
eggs and larvae (N = Near-field; I = Intermediate-field; F = Far-field). 
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Modelling of underwater noise is complex and can be approached in several different ways. To estimate the 

noise levels generated by the impact piling activities, Subacoustech have chosen to utilise dBSea (software 

version 2.4.28), a commercially available software developed by Marshall Day Acoustics designed to predict 

underwater noise which uses various numerical solvers to calculate underwater noise. For this project, two 

different solvers were used: 

A parabolic equation (PE) method for lower frequencies (12.5 Hz to 250 Hz) 

o Widely used within the underwater acoustics community but has computational limitations at 

high frequencies. 

A ray tracing method for higher frequencies (315 Hz to 100 kHz). 

o More computationally efficient at higher frequencies but is not suited to low frequencies 

(Etter, 1991). 

The model incorporates bathymetry data and noise sources, with user-defined seabed and water properties 

(e.g. sound speed, temperature, salinity, current). Using selected numerical solvers, the software calculates 1/3rd

octave band noise levels between 12.5 Hz  100 kHz at set distances across the defined area, considering 

inputted environmental parameters and source characteristics. 

3.1 Input Parameter 

3.1.1 Modelling Location 

One skid structure was provided by the client as a representative modelling location. To stay within the 

above the seabed at 79 m depth. Details of the noise source location used are presented in Table 3-1. 

Table 3-1: Details of the modelling locations. Latitude/Longitude are in ED50. 

Modelling location Latitude Longitude 
Source depth 

below surface (m) 
Depth at source 

location (m) 

Skid Structure 79 91 

3.1.2 Bathymetry  

The bathymetry data used in the modelling was obtained from The European Marine Observation and Data 

Network (EMODnet, 2018). This data has a resolution of 1/16th arcminutes (approximately 115 × 115 m). The 

bathymetry used for modelling covers an area of 100 km × 100 km surrounding the modelling location. 

3.1.3 Seabed Properties 

Characteristics of the seabed were based on local data supplied by the Marine Scotland National Marine Plan 

Interactive (NMPi) tool. The seabed in the area is assumed to be comprised of a 50 m sediment layer of sand, 

which is above a bedrock layer of sandstone. Geo-acoustic properties for the seabed were based on available 

data from Jensen et al. (1994, 2011), which are provided in Table 3-2. 
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Table 3-2: Seabed geo-acoustic properties of the area. 

Material 
Compressive sound speed 
profile in substrate (ms-1) 

Density profile in substrate 
(kgm-³)

Attenuation profile in 
substrate (dB/wavelength) 

Sand 1,650 1,900 0.8 

Sandstone 3,000 2,500 0.1 

3.1.4 Sound Speed Profile 

The speed of sound in the water has been calculated for the average annual temperature and salinity using the 

Mackenzie (1981) equation, with data from the Marine Scotland for the modelling location. The resulting profile 

is shown in Figure 3-1. 

Figure 3-1: Sound speed profile used for detailed modelling of the area. 

3.1.5 Noise Source 

To carry out detailed noise modelling, a source spectrum and estimated source levels for Lp,pk and LE,p,ss (single 

strike) from the noise source must be used. To calculate source levels, piling specifications are required, which 

were provided by the client: 

Pile type: 

o Diameter: 0.61 m (24-inch) diameter x 24 m length, installed to a depth of 20 m. 

o Maximum hammer blow energy: 90 kJ 

Total duration: 

o Piling will take place for a maximum of 8 hours per day: 

It will take 2 hours of piling to install one pile. 

4 piles are proposed to be installed per 24-hour period. 
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Piling schedule, including soft start: 

o 15 blows at 30% energy (27 kJ), delivered at a strike rate of 6 strikes per minute, over a period 

of 2.5 minutes 

o 15 blows at 60% energy (54 kJ), delivered at a strike rate of 6 strikes per minute, over a period 

of 2.5 minutes 

o 5,750 blows at 100% energy (90 kJ), delivered at a strike rate 50 strikes per minute, over a 

period of 1 hour and 55 minutes. 

Within a 24-hour period, this schedule is repeated 4 times (once for each pile), giving a total maximum piling 

duration of 8 hours. It should be noted that because this project is not yet at the detailed design stage, specific 

soft start parameters are not currently known, and therefore, the modelled parameters are based on those used 

for similar projects. These details are summarised in Table 3-3 below.  

Table 3-3: Summary of the piling procedure used for the modelling 

Blow energy 30% (27 kJ) 60% (54 kJ) 100% (90 kJ) 

No. of strikes 15 15 5,750 

Duration (mins) 2.5 2.5 115 

Strike rate (str/min) 6 6 50 

5,780 strikes over 2 hours per pile
23,120 strikes over 8 hours for four sequentially installed piles 

Source levels were extrapolated from direct measurements of impact piling using, taken by Subacoustech 

Environmental (Midforth and East, 2019), which used similar pile sizes and blow energies. The apparent source 

levels used in modelling are presented in Table 3-4. 

Table 3-4: Summary of the Lp,pk and LE,p,ss source levels for different impact piling energies used in the piling 
sequence. 

Blow energy 

Apparent source level @ 1 m 

Lp,pk (dB re 1 µPa) LE,p,ss (dB re 1 µPa2s) 

30% (27 kJ) 204.2 189.6 

60% (54 kJ) 211.9 192.7 

100% (90 kJ) 216.7 194.8 

To carry out detailed noise modelling, a source spectrum for each noise source was used from relevant measured 

data taken by Subacoustech of piling at Portsmouth Harbour using similar pile sizes and blow energies (Midforth 

and East, 2019). From this measured data, the 1/3rd octave levels were then adjusted to achieve the required 

source levels and peak frequencies for each noise source (values stated in Table 3-4). An example of the 1/3rd

octave source spectrum for the impact piling at 100% energy is shown in Figure 3-2, which was adjusted for each 

impact piling energy according to the associated approximate source level stated in Table 3-4. 
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Figure 3-2: An example of the source spectrum containing 1/3rd octave band levels used to model impact piling 
at 100% energy.  

To calculate LE,p,24h from LE,p,ss, the total number of strikes at each energy per 24-hour period, presented in Table 

3-3, was accounted for, as per Equation 4 (Section 2.1.2.2). 
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The distribution of noise from impact piling noise are presented as noise contour plots in the following section. 

These noise contours are then interpreted into impact ranges using the relevant criteria from Southall et al.

(2019) for marine mammals, and Popper et al. (2014) for fish.  

4.1 Model Validation 

A common practice in underwater noise studies of impact piling is to report noise levels at 750 m. This standard 

distance enables consistent comparison with other models and measurement data, as it lies beyond nearfield 

effects and mitigation zones where propagation patterns are stable and measurements are more reliable than 

levels measured at the source (for example, von Pein et al., 2022). A summary of the modelled unweighted levels 

at a range of 750 m are given in Table 4-1 considering the transect with the greatest noise transmission. 

Table 4-1: Summary of the predicted maximum Lp,pk and LE,p,ss across all modelled transects at 750 m range for 
different impact piling energies used in the piling sequence. 

Blow energy 
Predicted Maxium Level @ 750 m 

Lp,pk (dB re 1 µPa) LE,p,ss (dB re 1 µPa2s) 

30% (27 kJ) 163.6 148.7 

60% (54 kJ) 171.3 151.8 

100% (90 kJ) 176.1 153.9 

4.2 Predicted Noise Levels 

The distribution of noise from the impact piling activities is presented as noise contour plots in Figure 4-1 to 

Figure 4-4 representing Lp,pk and LE,p,ss. These plots show the maximum predicted noise level in the water column 

projected to the surface. 

Figure 4-1 represents the Lp,pk noise levels generated by the first strike in the impact piling sequence at 30% 

energy, and Figure 4-2 represents the noise levels at 100% energy, as the highest, and therefore worst-case 

energy. Figure 4-3 and Figure 4-4 represent the same but for the LE,p,ss metric. Noise levels generated from the 

total strikes across all three energies were used to calculate the LE,p,24hr for each piling sequence. 
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4.3 Interpretation 

Due to the complexity in noise conditions at close range to the source, estimated impact ranges are limited to a 

resolution of 10 m from the source, as such, ranges smaller than this have been presented as  10  Any 

impact range noted as NE indicates that no exceedance is expected for the given criteria based on the results of 

the modelling. 

4.3.1 Assessment: Marine Mammals 

The noise level results from Section 4.2 were weighted and assessed against the Southall et al. (2019) guidelines 

to predict the likely range at which the thresholds for impulsive and non-impulsive sounds would be exceeded 

by marine mammals. 

4.3.1.1 Lp,pk criteria 

Using the predicted Lp,pk noise contours (Figure 4-1 and Figure 4-2) to calculate the Lp,pk impacts using the Southall 

et al. (2019) criteria, it is unlikely that animals will exceed the PTS threshold at any range from the impact piling 

activities at the first strike of the soft start at 30% energy. At maximum energy, the PTS ranges are predicted out 

to 20 m for VHF cetaceans. These details, along with TTS impact ranges predicted across all groups, are 

presented in Table 4-2 and Table 4-3. 

Table 4-2: Estimated impact ranges for impact piling activities at 30% energy using the Southall et al. (2019) 
Lp,pk marine mammal criteria for impulsive noise sources. 

Southall et al. (2019) criteria 

Lp,pk (Impulsive) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

LF Cetaceans 
PTS 219 dB NE NE NE 

TTS 213 dB NE NE NE 

HF Cetaceans 
PTS 230 dB NE NE NE 

TTS 224 dB NE NE NE 

VHF Cetaceans 
PTS 202 dB < 10 < 10 < 10 

TTS 196 dB < 10 < 10 < 10 

PCW Pinnipeds 
PTS 218 dB NE NE NE 

TTS 212 dB NE NE NE 

NE = No predicted exceedance 
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Table 4-3: Estimated impact ranges for impact piling activities at 100% energy using the Southall et al. (2019) 
Lp,pk marine mammal criteria for impulsive noise sources. 

Southall et al. (2019) criteria 

Lp,pk (Impulsive) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

LF Cetaceans 

PTS 219 dB NE NE NE 

TTS 213 dB < 10 < 10 < 10 

HF Cetaceans 

PTS 230 dB NE NE NE 

TTS 224 dB NE NE NE 

VHF Cetaceans 

PTS 202 dB 20 20 20 

TTS 196 dB 40 40 40 

PCW Pinnipeds 

PTS 218 dB NE NE NE 

TTS 212 dB < 10 < 10 < 10 

NE = No predicted exceedance 

4.3.1.2 LE,p,t criteria 

The predicted LE,p,ss (single strike) levels (Figure 4-3 and Figure 4-4) were combined using the piling sequency 

detailed in Table 3-3, species weightings and fleeing animal assumptions to calculate PTS and TTS ranges in terms 

of LE,p,24hr,wtd. Based on the impulsive noise LE,p,wtd criteria from Southall et al. (2019), animals would need to be 

within 10 m of piling activities to exceed the PTS thresholds. These details, along with TTS impact ranges and 

non-impulsive criteria ranges, are presented in Table 4-4 and Table 4-5. 

Table 4-4: Estimated impact ranges for the impact piling activities using the Southall et al. (2019) LE,p,wtd marine 
mammal criteria for impulsive noise sources assuming a fleeing animal. 

Southall et al. (2019) criteria 

LE,p,wtd (Impulsive) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

LF Cetaceans 

PTS 183 dB 10 10 10 

TTS 168 dB 8,800 8,000 6,800 

HF Cetaceans 

PTS 185 dB < 10 < 10 < 10 

TTS 170 dB < 10 < 10 < 10 

VHF Cetaceans 

PTS 155 dB 10 10 10 

TTS 140 dB 3,400 3,200 2,900 

PCW Pinnipeds 

PTS 185 dB 10 10 10 

TTS 170 dB 70 40 20 
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Table 4-5: Estimated impact ranges for the impact piling activities using the Southall et al. (2019) LE,p,wtd marine 
mammal criteria for non-impulsive noise sources assuming a fleeing animal. 

Southall et al. (2019) criteria 

LE,p,wtd (Non-Impulsive) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

LF Cetaceans 

PTS 199 dB < 10 < 10 < 10 

TTS 179 dB 80 50 30 

HF Cetaceans 

PTS 198 dB < 10 < 10 < 10 

TTS 178 dB < 10 < 10 < 10 

VHF Cetaceans 

PTS 173 dB < 10 < 10 < 10 

TTS 153 dB 30 20 10 

PCW Pinnipeds 

PTS 201 dB < 10 < 10 < 10 

TTS 181 dB < 10 < 10 < 10 

4.3.2 Assessment: Fish 

The noise level results from Section 4.2 were assessed against the Popper et al. (2014) guidelines to predict the 

likely range at which the thresholds for impact piling would be exceeded by fish. 

4.3.2.1 Lp,pk criteria 

Table 4-6 and Table 4-7 show that using the Lp,pk criteria, it is unlikely that animals will exceed the any of the 

thresholds for fish at any distance from the impact piling activities. 
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Table 4-6: Estimated impact ranges for the impact piling activities the Popper et al. (2014) Lp,pk fish criteria for 
pile driving at 30% energy. 

Popper et al. (2014) criteria 
Lp,pk (Pile Driving) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

Fish: no swim 
bladder 

Mortal and 
potential mortal 

injury 
213 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 

Fish: swim 
bladder not 
involved in 

hearing 

Mortal and 
potential mortal 

injury
207 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 

Fish: swim 
bladder 

involved in 
hearing 

Mortal and 
potential mortal 

injury
207 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 

Table 4-7: Estimated impact ranges for the impact piling activities the Popper et al. (2014) Lp,pk fish criteria for 
pile driving at 100% energy. 

Popper et al. (2014) criteria 
Lp,pk (Pile Driving) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

Fish: no swim 
bladder 

Mortal and 
potential mortal 

injury 
213 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 

Fish: swim 
bladder not 
involved in 

hearing 

Mortal and 
potential mortal 

injury
207 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 

Fish: swim 
bladder 

involved in 
hearing 

Mortal and 
potential mortal 

injury
207 dB 

< 10 < 10 < 10 

Recoverable injury < 10 < 10 < 10 
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4.3.2.2 LE,p,t criteria 

The predicted unweighted LE,p,ss for each blow energy were combined to calculate the total LE,p,24hr. Using the 

LE,p,t criteria for pile driving from Popper et al. (2014), animals are unlikely to exceed injury thresholds if they flee 

at a constant speed for over the 8 hours of piling.  

However, if the receptors are assumed to remain stationary for the entire 8-hour piling sequence, mortality and 

potential mortal injury ranges are expected to 180 m for fish with swim bladders involved in hearing. These 

details, along with the other calculated impact ranges predicted across all groups, are presented in Table 4-8 for 

fleeing animals, and Table 4-9 for stationary animals. 

Table 4-8: Estimated impact ranges for the impact piling activities the Popper et al. (2014) LE,p,24h fish criteria 
for pile driving assuming a fleeing animal. 

Popper et al. (2014) criteria 
LE,p,24h (Pile Driving) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

Fish: no swim 
bladder 

Mortal and 
potential mortal 

injury 
219 dB < 10 < 10 < 10 

Recoverable injury 216 dB < 10 < 10 < 10 

TTS 186 dB 10 10 10 

Fish: swim 
bladder not 
involved in 

hearing 

Mortal and 
potential mortal 

injury
210 dB < 10 < 10 < 10 

Recoverable injury 203 dB < 10 < 10 < 10 

TTS 186 dB 10 10 10 

Fish: swim 
bladder 

involved in 
hearing 

Mortal and 
potential mortal 

injury
207 dB < 10 < 10 < 10 

Recoverable injury 203 dB < 10 < 10 < 10 

TTS 186 dB 10 10 10 
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Table 4-9: Estimated impact ranges for the impact piling activities the Popper et al. (2014) LE,p,24h fish criteria 
for pile driving assuming a stationary animal. 

Popper et al. (2014) criteria 
LE,p,24h (Pile Driving) 

Estimated Impact Range (m) 

Maximum Mean Minimum 

Fish: no swim 
bladder 

Mortal and 
potential mortal 

injury 
219 dB 30 30 30 

Recoverable injury 216 dB 40 40 40 

TTS 186 dB 3,900 3,600 3,300 

Fish: swim 
bladder not 
involved in 

hearing 

Mortal and 
potential mortal 

injury
210 dB 110 110 100 

Recoverable injury 203 dB 310 310 300 

TTS 186 dB 3,900 3,600 3,300 

Fish: swim 
bladder 

involved in 
hearing 

Mortal and 
potential mortal 

injury
207 dB 180 180 170 

Recoverable injury 203 dB 310 310 300 

TTS 186 dB 3,900 3,600 3,300 
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5

Subacoustech Environmental, on behalf of Orbis Energy Ltd and their client Serica Energy Chinook Ltd, has 

undertaken an underwater noise modelling assessment in anticipation of offshore piling works taking place at 

the Kyle Oil Field, located in UKCS Block 29/2c in the central North Sea, UK. The works involve two valve skid 

structures, each comprising of four piles to be installed via impact piling. Piling activities will likely take place for 

a maximum of 8 hours per day. A soft start was also anticipated as part of the piling schedule. 

The level of underwater noise generated by the survey was estimated in the dBSea software using a combined 

parabolic equation and ray tracing modelling approach. The modelling considers a wide array of input 

parameters including the equipment source level, sound frequency content, seabed properties and the sound 

speed profile in the water column. Full account is also taken of the bathymetry in the areas surrounding the 

piling area.  

The modelled noise levels for all sources were then interpreted in accordance with the guidelines outlined in 

Southall et al. (2019) for marine mammals in relation to impulsive and non-impulsive noise sources and the 

Popper et al. (2014) guidelines for fish in relation to pile driving.  

For marine mammals, any animals within 20 m of the piling when it is at 100% energy will exceed the VHF 

cetacean Lp,pk PTS criteria. When total noise output is considered using the LE,p,24hr metric, including the soft start, 

the PTS threshold is unlikely to be exceeded by any animal. For fish, the greatest predicted distance for mortality 

or injury risk from total noise output is predicted at 180 m from the piling activities for fish with a swim bladder 

involve in hearing. The Lp,pk threshold across all fish morphologies are unlikely to be exceeded at any range, for 

any hammer blow energy. 

By its nature, mathematical modelling will produce results that indicate a precise range at which a criterion will 

be reached, but this does not reflect the inherent uncertainty in the physical processes, including many that 

change constantly under real world conditions. While the results present specific ranges at which each impact 

threshold is met based on the modelling results, the ranges should be taken as indicative in determining where 

environmental effects may occur in receptors during the proposed operations.  



CLASSIFICATION: RESTRICTED 

Subsea Piling in the Kyle Oil Field (UKCS Block 29/2c): Underwater Noise Modelling Assessment 

Subacoustech Environmental Ltd. 27
Document Ref: P435R0101 

CLASSIFICATION: RESTRICTED 

Bailey H, Thompson P (2006). Quantitive analysis of bottlenose dolphin movement patterns and their relationship 

with foraging. Journal of Animal Ecology 75: 456-465. 

Dahl P H, de Jong C A, Popper A N (2015). The underwater sound field from impact pile driving and its potential 

effects on marine life. Acoustics Today, Spring 2015, Volume 11, Issue 2. 

EMODnet Bathymetry Consortium (2018) EMODnet digital bathymetry (DTM) 2018 [dataset]. Available at: 

https://dx.doi.org/10.12770/18ff0d48b2034a6594a95fd8b0ec35f6 (Accessed: 1st October 2025). 

Etter P C (1991). Underwater acoustic modelling: Principles, techniques and applications. Elsevier Science 

Publishers Ltd, Essex. ISBN 1-85166-528-5. 

Goertner J F, Wiley M L, Young G A, McDonald W W (1994). Effects of underwater explosions on fish without 

swim bladders. Naval Surface Warfare Center. Report No. NSWC/TR-76-155. 

Goertner J F (1978). Dynamical model for explosion injury to fish. Naval Surface Weapons Center, White Oak Lab, 

Silver Spring, MD. Report No. NSWC/WOL.TR-76-155. 

Halvorsen M B, Casper B C, Matthew D, Carlson T J, Popper A N (2012). Effects of exposure to pile driving sounds 

on the lake sturgeon, Nila tilapia, and hogchoker. Proc. Roy. Soc. B 279: 4705-4714. 

Hastie G, Merchant N D, Götz T, Russell D J F, Thompson P, Janik V M (2019). Effects of impulsive noise on marine 

mammals: Investigating range-dependent risk.

Hastings M C, Popper A N (2005). Effects of sound on fish. Report to the California Department of Transport, 

under Contract No. 43A01392005, January 2005. 

Hawkins A D, Popper A N (2017). A sound approach to assessing the impact of underwater noise on marine fishes 

and invertebrates. ICES J. Mar. Sci. 74 (3), 635 651. doi: 10.1093/icesjms/fsw205 

Hirata K (1999). Swimming speeds of some common fish. National Maritime Research Institute (Japan). Data 

sourced from Iwai T, Hisada M (1998). Fishes  Illustrated Book of Gakken (in Japanese). 

http://www.nmri.go.jp/oldpages2/eng/khirata/fish/general /speed/speede.htm (accessed 8th March 2017). 

Jensen F B, Kuperman W A, Porter M B, Schmidt H (2011). Computational Ocean Acoustics. Modern Acoustics 

and Signal Processing. Springer-Verlag, NY. ISBN: 978-1-4419-8678-8. 

Jensen F B, Kuperman W A, Porter M B, Schmidt H (1994). Computational Ocean Acoustics. Woodbury NW, AIP 

Press. 

Kastelein R A, van de Voorde S, Jennings N (2018). Swimming speed of a harbor porpoise (Phocoena phocoena) 

during playbacks of offshore pile driving sounds. Aquatic Mammals. 2018, 44(1), 92-99, DOI 

10.1578/AM.44.1.2018.92. 

Mackenzie K V (1981). Nine-term equation for the sound speed in the oceans. J. Acoust. Soc. Am. 70(3), pp 807 

812. 

Marine Scotland (2025) National Marine Plan Interactive [online]. Version 1.6.8.125. Available at: 

https://marinescotland.atkinsgeospatial.com/nmpi/ (Accessed: 17 October 2025). 

Marshall Day Acoustics, Irwin Carr Consulting (2024) dBSea version 2.4.28 [software]. Underwater acoustic 

modelling and prediction tool. dBSea Ltd. Available at: https://www.dbsea.co.uk 



CLASSIFICATION: RESTRICTED 

Subsea Piling in the Kyle Oil Field (UKCS Block 29/2c): Underwater Noise Modelling Assessment 

Subacoustech Environmental Ltd. 28
Document Ref: P435R0101 

CLASSIFICATION: RESTRICTED 

Martin S B, Lucke K, Barclay D R (2020). Techniques for distinguishing between impulsive and non- impulsive 

sound in the context of regulating sound exposure for marine mammals. The Journal of the Acoustical Society of 

America 147, 2159. 

Midforth F, East S (2019). Noise Monitoring of piling operations in Portsmouth Harbour. Subacoustech Report 

Ref P244R0101. 

National Marine Fisheries Service (NMFS) (2024). Update to: Technical Guidance for Assessing the Effects of 

Anthropogenic Sound on Marine Mammal Hearing (Version 3.0): Underwater and In Air Criteria for Onset of 

Auditory Injury and Temporary Threshold Shifts. U.S. Dept. of Commer., NOAA. NOAA Technical Memorandum 

NMFS-OPR-71, 182 p. 

National Marine Fisheries Service (NMFS) (2018). 2018 Revisions to: Technical guidance for Assessing the Effects 

of Anthropogenic Sound on Marine Mammal Hearing (Version 2.0): Underwater Thresholds for Onset of 

Permanent and Temporary Threshold Shifts. U.S. Dept. of Commer., NOAA. NOAA Technical Memorandum, 

NMFS OPR-59. 

Nedelec S L, Campbell J, Radford A N, Simpson S D, Merchant N D (2016). Particle motion: The missing link in 

underwater acoustic ecology. Methods Ecol. Evol. 7, 836  842. 

Popper A N, Hawkins A D (2019). An overview in fish bioacoustics and the impacts of anthropogenic sounds on 

fishes. Journal of Fish Biology, 1-22. DOI: 10.111/jfp.13948. 

Popper A N, Hawkins A D (2018). The importance of particle motion to fishes and invertebrates. J. Acoust. Soc. 

Am. 143, 470  486. 

Popper A N, Hawkins A D, Fay R R, Mann D A, Bartol S, Carlson T J, Coombs S, Ellison W T, Gentry R L, Halvorsen 

M B, Løkkeborg S, Rogers P H, Southall B L, Zeddies D G, Tavolga W N (2014). Sound exposure guidelines for 

Fishes and Sea Turtles. Springer Briefs in Oceanography DOI 10. 1007/978-3-319-06659-2. 

Radford C A, Montgomery J C, Caiger P, Higgs D M (2012). Pressure and particle motion detection thresholds in 

fish: a re-examination of salient auditory cues in teleosts. Journal of Experimental Biology, 215, 3429  3435. 

Rawlins J S P (1987). Problems in predicting safe ranges from underwater explosions. Journal of Naval Science, 

Volume 14, No. 4 pp. 235-246. 

Scottish Natural Heritage (SNH) (2016). Assessing collision risk between underwater turbines and marine wildlife. 

SNH guidance note. 

Solé M, Kaifu K, Mooney T A, Nedelec S L, Olivier F, Radford A N, Vazzana M, Wale M A, Semmens J M, Simpson 

S D, Buscaino G, Hawkins A, Aguilar de Soto N, Akamatsu T, Chauvaud L, Day R D, Fitzgibbon Q, McCauley R D, 

Andr  M (2023). Marine invertebrates and noise. Frontiers in Marine Science, 10. 

Southall B L (2021). Evolutions in Marine Mammal Noise Exposure Criteria. Acoustics Today 17(2) 

https://doi.org/10.1121/AT.2021.17.2.52. 

Southall B L, Finneran J J, Reichmuth C, Nachtigall P E, Ketten D R, Bowles A E, Ellison W T, Nowacek D P, Tyack 

P L (2019). Marine Mammal Noise Exposure Criteria: Updated Scientific Recommendations for Residual Hearing 

Effects. Aquatic Mammals 2019, 45(2), 125-232, DOI 10.1578/AM.45.2.2019.125. 

Stephenson J R, Gingerich A J, Brown R S, Pflugrath B D, Deng Z, Carlson T J, Langeslay M J, Ahmann M L, Johnson R 

L, Seaburg A G (2010). Assessing barotrauma in neutrally and negatively buoyant juvenile salmonids exposed to 

simulated hydro-turbine passage using a mobile aquatic barotrauma laboratory. Fisheries Research Volume 106, 

Issue 3, pp 271-278, December 2010. 



CLASSIFICATION: RESTRICTED 

Subsea Piling in the Kyle Oil Field (UKCS Block 29/2c): Underwater Noise Modelling Assessment 

Subacoustech Environmental Ltd. 29
Document Ref: P435R0101 

CLASSIFICATION: RESTRICTED 

von Pein J, Lippert T, Lippert S, von Estorff O (2022). Scaling laws for unmitigated pile driving: Dependence of 

underwater noise on strike energy, pile diameter, ram weight, and water depth. Applied Acoustics 198 (2022) 

108986. 



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: E-1

E.1 Introduction 

This appendix sets out the methodology used to calculate the quantity of GHG emissions estimated to 
be generated from the proposed Kyla Development over the life of the field and supports the 
assessment documented in Section 9 (GHG Emissions) of the ES.  

E.2 Direct GHG Emissions 

E.2.1 Scope 1 Emissions (Processing of Kyla Hydrocarbons) 

Once Kyla is online, Kyla production fluids will be processed offshore at the Triton FPSO. Incremental 
GHG emissions will be generated at the Triton FPSO, arising from the power generation requirements 
to treat the Kyla hydrocarbons (fuel gas is used to power the compressors and turbines) and from 
venting.  

Calculation Methodology 

The following equations have been used to calculate the incremental GHG emissions generated at the 
Triton FPSO as a result of Kyla coming online: 

1.
2.

Therefore, 

Table E.1 lists the GHG conversion factors which have been used to calculate GHG emissions generated 
from fuel gas used to power the Gas Turbine Generators (GTG) and from venting (non-routine, with the 
primary source of venting on Triton from crude oil tanks) at the Triton FPSO. 

Table E.1: GHG Conversion Factors for Fuel Use and Flaring at the Triton FPSO (EEMS, 2008) 

Emission Factor 
Source 

Triton FPSO
Activity 

GHG Conversion Factors (tonnes) 

CO2 N2O CH4 CO2e

Gas Consumption 
 (EEMS, 

2008) 

Fuel Gas 
(GTG) 

2.86 0.00022 0.00092 Note 1

Venting
(EEMS, 2008) 

Venting 
from Crude 

Oil Tanks 
0 0 0.9 Note 1 

1 The GWPs used in the calculation of CO2e are based on the IPCC Fifth Assessment Report (AR5). 

Quantification of Scope 1 Emissions 

Table E.2 details the incremental GHG emissions generated at the Triton FPSO as a result of Kyla coming 
online, assuming the Triton FPSO continues to operate as normal (i.e. powered by 2 x 42 MW GTG). 
GHG emissions have been calculated for all Kyla hydrocarbon profiles, namely high (P10), mid (P50) and 
low (P90) production cases.  
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Table E.2: Kyla Incremental Emissions at Triton FPSO  

Year Vent (kt/yr) Fuel Gas (kt/yr)
Total Emissions (kt) 1

CO2 N2O CH4 CO2e 

High Case (P10) 

2028 0.05 0.17 0.48 0.00 0.04 1.64 

2029 0.30 1.10 3.16 0.00 0.27 10.85 

2030 0.26 0.92 2.64 0.00 0.23 9.23 

2031 0.21 0.73 2.09 0.00 0.19 7.36 

2032 0.18 0.62 1.77 0.00 0.16 6.26 

2033 0.15 0.54 1.54 0.00 0.14 5.46 

2034 0.14 0.49 1.40 0.00 0.13 4.97 

2035 0.13 0.45 1.29 0.00 0.12 4.61 

Total 1.41 5.03 14.37 0.00 1.27 50.36 

Year Vent (kt/yr) Fuel Gas (kt/yr)
Total Emissions (kt) 1 

CO2 N2O CH4 CO2e 

Mid Case (P50) 

2028 0.04 0.15 0.44 0.00 0.04 1.50 

2029 0.23 0.84 2.41 0.00 0.21 8.39 

2030 0.20 0.69 1.98 0.00 0.18 6.98 

2031 0.15 0.52 1.48 0.00 0.13 5.29 

2032 0.12 0.41 1.17 0.00 0.11 4.18 

2033 0.10 0.34 0.96 0.00 0.09 3.46 

2034 0.09 0.30 0.85 0.00 0.08 3.07 

2035 0.08 0.28 0.79 0.00 0.07 2.85 

Total 1.01 3.53 10.09 0.00 0.91 35.72 

Year Vent (kt/yr) Fuel Gas (kt/yr)
Total Emissions (kt) 1 

CO2 N2O CH4 CO2e 

Low Case (P90) 

2028 0.01 0.05 0.15 0.00 0.01 0.50 

2029 0.09 0.32 0.93 0.00 0.08 3.12 

2030 0.08 0.30 0.87 0.00 0.07 2.93 

2031 0.08 0.29 0.83 0.00 0.07 2.81 

2032 0.08 0.29 0.83 0.00 0.07 2.79 

2033 0.07 0.28 0.80 0.00 0.07 2.71 

2034 0.07 0.28 0.80 0.00 0.07 2.71 

2035 0.08 0.28 0.81 0.00 0.07 2.74 

Total 0.56 2.10 6.02 0.00 0.51 20.31 
1 Refer to GHG conversion factors in Table E.1. 
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E.3 Indirect GHG Emissions 

E.3.1 Upstream Scope 3 Emissions (Offshore Operations) 

Upstream scope 3 emissions are the indirect emissions which will be generated by  contractors 
offshore when extracting, producing and exporting Kyla hydrocarbons to the Triton FPSO, as well as 
during decommissioning operations upon cessation of production. 

Calculation Methodology 

The following equation has been used to calculate the total quantity of upstream scope 3 emissions 
generated from the Kyla development offshore operations: 

Table E.3 lists the GHG conversion factors which have been used to calculate GHG emissions generated 
from offshore transport related activity (i.e. vessel and helicopter movements). 

Table E.3: GHG Conversion Factors for Fuel used in Transport Activities (DESNZ, 2025e) 

Fuel 
Kyla 

Activity 

GHG Conversion Factors (kg CO2e of GHG per unit)

CO2 N2O CH4 CO2e 1

'Marine Gas Oil' Vessels 3205.99000 38.40721 0.90720 3245.30441 

'Aviation 
Turbine Fuel' 

Helicopters 3149.67000 26.50000 2.19520 3178.3652 

1 The GWPs used in the calculation of CO2e are based on the IPCC Fifth Assessment Report (AR5). 

Quantification of Total Upstream Scope 3 Emissions 

Table E.4: Kyla Total Upstream Scope 3 Emissions (Offshore Operations) 

Kyla Activity
Total Fuel Use 

(tonnes) 1

GHG Emissions (tonnes) 2

CO2 N2O CH4 CO2e

Drilling 
Operations 

7,539.00 24,164.72 213.09 6.77 24,384.58 

Installation 
Operations 

4,504.00 14,439.78 111.53 4.09 14,555.40 

Inspection and 
Maintenance 
Operations 

1,000.00 3,205.99 38.41 0.91 3,245.30 

Decommissioning 
Operations 

3,401.00 10,902.33 99.35 3.07 11,004.75 

Total: 52,712.82 462.38 14.83 53,190.04
1 Total fuel use based on vessel and helicopter requirements for drilling operations (Table 3.1), installation 
operations (Table 3.11), inspection and maintenance operations (Table 3.17), and decommissioning operations 
(Table 3.18), as detailed in Section 3. 
2 Refer to GHG conversion factors in Table E.3.
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E.3.2 Downstream Scope 3 Emissions (Further Refinement, Transportation and Distribution 
and End Use of Sold Products) 

Downstream scope 3 emissions are the indirect emissions which will be generated once the Kyla 
hydrocarbons have been processed to export specification at Triton and sold, including from 
transportation and distribution, as well as from the end use of the sold product (namely, the 
presumption that all end use Kyla hydrocarbons are eventually combusted). Of note, oil from Triton is 
typically tankered to Rotterdam where oil volumes are integrated into the wider European oil sales 
market. Gas from Triton is pipe
system. 

Further Refinement, Transportation and Distribution 

Calculation Methodology 

Well-to-Tank (WTT) emissions represent the GHG emissions generated during the extraction, 
refinement, transport and distribution of fuels prior to their end-use. In a downstream context, this 
includes all emissions associated with the handling and logistical operations required to deliver refined 
hydrocarbons to market, but excludes combustion or end-use emissions, which are quantified 
separately below. 

The following equation has been used to calculate the total quantity of GHG emissions generated from 
the further refinement, transportation and distribution of Kyla hydrocarbons: 

Table E.5 details the GHG conversion factors used to calculate the WTT emissions. Natural gas (100% 
l for Kyla g fuel o

assumed as the downstream proxy fuel for Kyla oil. 

Table E.5: Well-to-Tank GHG Conversion Factors (DESNZ, 2025e) 

Kyla 
Hydrocarbon 

Downstream Proxy Fuel GHG Conversion Factor  
(kg CO2e of GHG per unit) 

Oil 1 714.86545 

Gas 423.16368 

1  has been used as a proxy as it is considered to most closely match oil for the purposes of this assessment. 

As the WTT GHG conversion factors encompass the emissions associated with the extraction, refining 
and transportation of hydrocarbons prior to their end use, these already account for the incremental 
emissions that would be generated at Triton FPSO as a result of Kyla coming online (as presented in 
Section H.2). Therefore, to prevent double-counting, the Kyla Scope 1 baseline emissions have been 
deducted from the total calculated WTT emissions. This adjustment ensures that only the downstream 
GHG emissions associated with the further refinement, transport and distribution of hydrocarbons 
beyond the Triton FPSO are represented within the WTT total.  

However, given the nature of the Kyla hydrocarbons and the known stages of refinement prior to 
transport and distribution to market, particularly as gas exported from the St Fergus Gas Terminal feeds 
directly into the NTS, the quantity of CO2e emissions calculated for the Further Refinement, 
Transportation and Distribution phase is likely to be a conservative estimate. 
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Quantification of GHG Emissions 

Table E.6: Kyla Development WTT Scope 3 Emissions 

Kyla Hydrocarbon 
Total Quantity of Produced 

Hydrocarbons (kt) 1 CO2e Emissions (kt) 2 

High Case (P10) 

Kyla Oil 1,586.43 1,134.09 

Kyla Gas 255.88 108.28 

High Case (P10) Total: 1,842.31 1,242.36 

Mid Case (P50) 

Kyla Oil  1,130.06 807.84 

Kyla Gas 179.60 76.00 

Mid Case (P50) Total: 1,309.66 883.84 

Low Case (P90) 

Kyla Oil  629.69 450.14 

Kyla Gas 107.15 45.34 

Low Case (P90) Total: 736.83 495.48 
1 Refer to Appendix G for Kyla production profiles. Gas converted from m3 to tonnes using a density of  
1.066 kg/m3. 
2 Refer to GHG conversion factors in Table E.5. 

Table E.7: Kyla Further Refinement, Transportation and Distribution Emissions 

Kyla Production 
Case 

Field Life WTT 
CO2e Emissions 

(kt) 1

Field Life  
Scope 1 CO2e 

Emissions (kt) 2

Net Further Refinement, 
Transportation & Distribution 

CO2e Emissions (kt) 

High Case (P10) 1,242.36 50.36 1,192.00 

Mid Case (P50) 883.84 35.72 848.12 

Low Case (P90) 495.48 20.31 475.17 
1 Refer to totals in Table E.6 
2 Refer to totals in Table E.2  
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End Use of Sold Products 

Calculation Methodology 

The following equation has been used to calculate the total quantity of scope 3 emissions generated 
from the end use of sold products (namely, the presumption that all end use Kyla hydrocarbons are 
eventually combusted): 

Table E.8 lists the GHG conversion factors which have been used to calculate End Use GHG emissions. 

Table E.8: End Use GHG Conversion Factors (DESNZ, 2025a) 

Kyla 
Hydrocarbon 

Proxy Fuel 
GHG Conversion Factors (kg CO2e of GHG per unit) 

CO2 N2O CH4 CO2e 1 

Oil 
Fuel Oil

2025a) 
3216.38 5.38720 7.12200 3228.88920 

Gas 
(100% mineral 

2025a) 

2,598.26 3.8528 1.19161 2,603.30441 

1 The GWPs used in the calculation of CO2e are based on the IPCC Fifth Assessment Report (AR5). 
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Quantification of GHG Emissions 

Kyla High Case (P10) 

Table E.9: GHG Emissions from Combustion of Kyla Gas and Oil (High Case, P10) 

Year 
Volume of Gas Produced 1 Emissions (kt) 2

Mm3/yr kt/yr CO2 N2O CH4 CO2e 

Combustion of Kyla Gas (Kyla High Case, P10) 

2028 8.12 8.63 22.43 0.03 0.01 22.47 

2029 52.86 56.19 145.99 0.22 0.07 146.28 

2030 44.17 46.96 122.00 0.18 0.06 122.24 

2031 34.96 37.16 96.55 0.14 0.04 96.73 

2032 29.68 31.55 81.98 0.12 0.04 82.14 

2033 25.82 27.44 71.31 0.11 0.03 71.44 

2034 23.45 24.92 64.76 0.10 0.03 64.88 

2035 21.65 23.02 59.81 0.09 0.03 59.93 

Totals: 240.71 255.88 664.83 0.99 0.30 666.12 

Year 
Volume of Oil Produced 

(kt/yr) 3

GHG Emissions (kt) 2

CO2 N2O CH4 CO2e 

Combustion of Kyla Oil (Kyla High Case, P10) 

2028 50.70 163.08 0.27 0.36 163.72 

2029 339.03 1,090.43 1.83 2.41 1,094.67 

2030 290.56 934.54 1.57 2.07 938.17 

2031 232.26 747.04 1.25 1.65 749.95 

2032 197.67 635.79 1.06 1.41 638.27 

2033 172.58 555.08 0.93 1.23 557.24 

2034 157.42 506.33 0.85 1.12 508.30 

2035 146.21 470.27 0.79 1.04 472.09 

Totals: 1,586.43 5,102.57 8.55 11.30 5,122.42 

High Case (P10) Totals: 5,767.40 9.53 11.60 5,788.54 

1 Gas volumes based on Kyla high case (P10) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035. Gas converted from m3 to tonnes using a density of  
1.066 kg/m3. 
2 Refer to GHG Conversion Factors in in Table E.8. 
3 Oil volumes based on Kyla high case (P10) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035.
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Kyla Mid Case (P50) 

Table E.10: GHG Emissions from Combustion of Kyla Gas and Oil (Mid Case, P50) 

Year 
Volume of Gas Produced 1 Emissions (kt) 2

Mm3/yr kt/yr CO2 N2O CH4 CO2e 

Combustion of Kyla Gas (Kyla Mid Case, P50) 

2028 7.33 7.79 20.25 0.03 0.01 20.29 

2029 40.35 42.89 111.44 0.17 0.05 111.66 

2030 33.15 35.24 91.57 0.14 0.04 91.75 

2031 24.83 26.39 68.58 0.10 0.03 68.71 

2032 19.56 20.80 54.04 0.08 0.02 54.14 

2033 16.14 17.16 44.58 0.07 0.02 44.67 

2034 14.31 15.21 39.52 0.06 0.02 39.60 

2035 13.28 14.12 36.68 0.05 0.02 36.75 

Totals: 168.96 179.60 466.66 0.69 0.21 467.56 

Year 
Volume of Oil Produced 

(kt/yr) 3

Emissions (kt) 2

CO2 N2O CH4 CO2e 

Combustion of Kyla Oil (Kyla Mid Case, P50) 

2028 46.69 150.17 0.25 0.33 150.75 

2029 263.64 847.96 1.42 1.88 851.26 

2030 220.65 709.69 1.19 1.57 712.45 

2031 167.72 539.46 0.90 1.19 541.56 

2032 132.91 427.50 0.72 0.95 429.17 

2033 109.94 353.61 0.59 0.78 354.98 

2034 97.63 314.02 0.53 0.70 315.24 

2035 90.87 292.29 0.49 0.65 293.42 

Totals: 1,130.06 3,634.69 6.09 8.05 3,648.83 

Mid Case (P50) Totals: 4,101.35 6.78 8.26 4,116.39 

1 Gas volumes based on Kyla mid case (P50) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035. Gas converted from m3 to tonnes using a density of  
1.066 kg/m3. 
2 Refer to GHG Conversion Factors in in Table E.8. 
3 Oil volumes based on Kyla mid case (P50) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035.
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Kyla Low Case (P90) 

Table E.11: GHG Emissions from Combustion of Kyla Gas and Oil (Low Case, P90) 

Year 
Volume of Gas Produced 1 Emissions (kt) 2

Mm3/yr kt/yr CO2 N2O CH4 CO2e 

Combustion of Kyla Gas (Kyla Low Case, P90) 

2028 2.52 2.67 6.95 0.01 0.00 6.96 

2029 15.51 16.49 42.84 0.06 0.02 42.92 

2030 14.55 15.47 40.19 0.06 0.02 40.27 

2031 13.96 14.84 38.56 0.06 0.02 38.64 

2032 13.85 14.72 38.26 0.06 0.02 38.33 

2033 13.42 14.27 37.06 0.05 0.02 37.14 

2034 13.40 14.24 37.00 0.05 0.02 37.07 

2035 13.59 14.44 37.53 0.06 0.02 37.60 

Totals: 100.80 107.15 278.40 0.41 0.13 278.94 

Year 
Volume of Oil  

Produced (kt/yr) 3

Emissions (kt) 2

CO2 N2O CH4 CO2e 

Combustion of Kyla Oil (Kyla Low Case, P90) 

2028 15.59 50.15 0.08 0.11 50.34 

2029 96.50 310.38 0.52 0.69 311.58 

2030 90.73 291.82 0.49 0.65 292.95 

2031 87.15 280.30 0.47 0.62 281.39 

2032 86.60 278.54 0.47 0.62 279.62 

2033 84.01 270.20 0.45 0.60 271.25 

2034 83.97 270.08 0.45 0.60 271.13 

2035 85.14 273.84 0.46 0.61 274.91 

Totals: 629.69 2,025.31 3.39 4.48 2,033.19 

Low Case (P90) Totals: 2,303.71 3.81 4.61 2,312.13 

1 Gas volumes based on Kyla low case (P90) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035. Gas converted from m3 to tonnes using a density of  
1.066 kg/m3. 
2 Refer to GHG Conversion Factors in in Table E.8. 
3 Oil volumes based on Kyla low case (P90) production profile (refer to Appendix G), with production commencing in 
September 2028 and cessation of production in December 2035.
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Total Downstream Scope 3 Emissions 

Table E.12 details the total downstream scope 3 emissions which will be generated from the proposed 
Kyla Development assuming the Triton FPSO continues to operate as normal (i.e. powered by GTGs). 

Table E.12: Kyla Development Total Downstream Scope 3 Emissions 

Downstream Activities Total GHG CO2e Emissions (kt)  

Kyla High Case (P10) 

Further Refinement, Transportation and 
Distribution Emissions 

1,242.36 

End Use of Sold Products 5,788.54 

Total High Case (P10): 7,030.90 

Kyla Mid Case (P50) 

Further Refinement, Transportation and 
Distribution Emissions 

883.84 

End Use of Sold Products 4,116.39 

Total Mid Case (P50): 5,000.23 

Kyla Low Case (P90) 

Further Refinement, Transportation and 
Distribution Emissions 

495.48 

End Use of Sold Products 2,312.13 

Total Low Case (P90): 2,807.61 
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E.4 Summary of Total GHG Emissions 

Table E.13 details the total GHG emissions estimated to be generated as a result of the proposed Kyla 
Development, based on the highest production case, assuming the Triton FPSO continues to operate 
as normal (i.e. powered by GTGs). 

Table E.13: Kyla Development Total GHG Emissions  

Emissions 
Category 

Total GHG CO2e Emissions (kt) 

P10 (High) P50 (Mid) P90 (Low) 

Total Direct 
GHG Emissions 

(Scope 1) 1

50.36 35.72 20.31 

Total Indirect 
Upstream GHG 

Emissions 
(Scope 3) 2

53.19 53.19 53.19 

Total Indirect 
Downstream 

GHG Emissions 
(Scope 3) 3

7,030.90 5,000.23 2,807.61 

Grand Total  7,134.45 5,089.14 2,881.11 

1 Refer to Section H.2.1 
2 The total indirect upstream GHG emissions generated are the same for all Kyla production profiles (refer to 
Section H.3.1). 
3 The total indirect downstream GHG emissions generated depend on the Kyla production profiles as the 
methodology applies GHG conversion factors to production volumes (refer to Sections H.3.2). 

In summary, the P10 case total gross GHG emissions generated over the life of the Kyla Field are 
estimated to be ca. 7,134.45 kilotonnes of CO2e, based on the high production case (P10 profile) which 
represents a highest production emissions profile. It should be noted, however, that there is only a 10% 
probability that recovered volumes will meet or exceed the P10 case estimate. 

For context, the P50 (mid case) scenario, generates total GHG emissions approximately 29% lower than 
the P10 (high case) estimate, and the P90 (low case) scenario, representing a conservative, lower 
production outcome, is approximately 60% lower than the P10 (high case) estimate. 

In contrast, a - Kyla Development does not proceed) 
would result in the generation of zero GHG emissions. 
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This appendix presents the results of the oil spill modelling study undertaken to support the Kyla 
Development ES in order to gain an understanding of the behaviour of a potential worst case oil spill 
scenario in the marine environment originating from a subsea well blowout.  The modelling has been 
completed in line with the OPRED Guidance Notes for Preparing Oil Pollution Emergency Plans for 
Offshore Oil & Gas Installations and Relevant Oil Handling Facilities (Revision 7: June 2022). 

This oil spill modelling study has been carried out in RPS OILMAP (Version 7.7.218.1528) 
modelling system, which predicts the surface trajectory of spilled oil and includes algorithms for oil 
spreading, evaporation, emulsification, entrainment, and oil shoreline interaction. The distribution and 
mass balance of oil with respect to time are predicted for the specific oil spilled. Additional modules 
are utilised in OILMAP to execute more in-depth modelling processes such as simulating subsurface oil 
releases and computing probability. 

The following modules have been utilised in OILMAP for the Kyla Development oil spill modelling study: 

OILMAP Deep: This module is a near-field model used to simulate subsurface releases of oil 
and gas. OILMAP Deep predicts the near-field plume characteristics and oil droplet size 
distributions for a specified release. 

Trajectory and Fates Model: The trajectory and fates module is a far-field model, for surface 
and subsurface releases, that predicts the 3D trajectory and fate of oil for instantaneous or 
continuous release spills. 

Stochastic Model (RunStoch): The stochastic module is used for risk assessment and 
contingency planning. It helps determine the most likely spill paths and the minimum time for 
oil to reach specific points on monthly, seasonal, or annual basis. 

F.1.1 OILMAP Deep 

The OILMAP Deep module was developed as an enhanced version of the OILMAP modelling system and 
is based on published work on plume formation and behaviour as well as droplet formation. The 
OILMAP Deep model contains two major sub-models, the droplet size distribution model and the plume 
model. 

The droplet size distribution model employs a character diameter calculation (d95 hereby referred to as 
maximum droplet size) and the Rosin Rammler distribution (Yapa et al., 2001) based on the oil 
properties (primarily the interfacial tension between oil and seawater) and the energy of the release 
through calculation of the dimensionless Weber number associated with the release. The Weber 
number is based on the volumetric release rate, the pipe diameter and receiving water density in the 
numerator, and the oil interfacial tension (IFT) in the denominator. The maximum droplet diameter for 
a release is related to the Weber number, i.e. a larger Weber number results in larger droplet size. 
Therefore, lowering the IFT or increasing exit velocity results in a distribution of relatively smaller 
droplets. 

The plume model solves equations for the conservation of water mass, momentum, buoyancy, and gas 
mass using integral plume theory, following work outlined in McDougall (1978), Spaulding (1982), and 
Fanneløp and Sjøen (1980). A simplified integral jet theory is employed for the vertical and horizontal 
motions of the gas-oil plume. The necessary model parameters defining the rates of entrainment and 
spreading of the jet are obtained from laboratory studies. The plume model calculates the evolution of 
the blowout plume as it rises and entrains water until it eventually either surfaces or comes into 
equilibrium with the receiving water. The receiving water is characterized by a site-specific, depth-
variable temperature and density profile. These water column properties influence the plume 
properties since the state of gas is a function of the temperature and pressure. Similarly, temperature 
and pressure are used to adjust plume bulk density, based on the volume of entrained seawater, to 
determine the depth at which the plume bulk density approaches the receiving water density. At the 
point the plume bulk density is equal to that of the receiving water, plume ascension ceases, and the 
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plume becomes trapped at what is referred to as the termination (plume trap) height. The plume 
dynamics account for oil and gas buoyancy, gas compression and expansion as a function of depth, 
hydrate formation, dynamic gas bubble size distribution formulation, gas dissolution, and seawater 
entrainment and plume spreading processes. 

F.1.2 Trajectory and Fates Model 

Following OILMAP Deep, the Trajectory and Fates model simulates the droplet rise phase and surfaced 
oil. The model predicts the transport and weathering of oil from instantaneous or continuous spills. 
Predictions show the location and concentration of the surface and subsurface oil versus time. The 

The model also predicts the oil mass balance or the amount of oil on the free surface, in the water 
column, evaporated, on the shore, and outside the study domain versus time. The fate processes in the 
model include spreading, evaporation, entrainment or natural dispersion, emulsification and an oil-
shoreline interaction: 

Spreading is represented using the thick slick portion of Mackay et al. (1980, 1982) thick-thin 
approach. 

Evaporation
exposure (Mackay et al., 1980, 1982). 

Entrainment or Natural Dispersion
formulation which explicitly represents oil injection rates into the water column by droplet 
size.  The entrainment coefficient, as a function of oil viscosity, is based on Delvigne and 
Hulsen (1994). 

Emulsification of the oil, as function of evaporative losses and changes in water content, is 
based on Mackay et al. (1980, 1982). 

Oil-Shoreline Interaction is modelled based on a simplified version of Reed et al. (1989) which 
formulates the problem in terms of a shore type dependent holding capacity and exponential 
removal rate. 

F.1.3 Stochastic Model (RunStoch) 

The stochastic model is useful as a contingency planning tool. It is used to determine the range of 
distances and directions oil spills from a particular site are likely to travel, given the historical wind 
speed and direction data for the area. The stochastic model performs a large number of single 
simulations (typically 100 individual trajectory runs) for a given spill site, varying the wind and tidal 
conditions for each scenario. These trajectories are used to predict probabilities and minimum time 
that water surface and shoreline areas will be oiled by a release from the given site. 

Figure F.1 shows how a simple probability map is created. The example uses four trajectory runs to 
create a final probability map. Following the same example, Figure F.2 demonstrates how to interpret 
probability and features of interest (e.g. marine protected areas). 



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: F-3

Figure F.1: Diagram to show how stochastic probability maps are made 

Trajectory Output 

Trajectory 1 Trajectory 2 Trajectory 3 Trajectory 4 

X X X X

Stochastic Output 

Trajectory 1 Trajectory 1 & 2 Trajectory 1, 2 & 3
Trajectory 1,2,3 & 

4 

X X X X

Key 

X Spill location 

Probability: 

100% 75% 66% 50% 33% 25% 
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Figure F.2: Interpretation of Probability Mapping (Probability Grid vs Context Driven) 

Trajectory 1 Trajectory 2 Trajectory 3 Trajectory 4 

X X X X

Stochastic Output 

X 

Key 

X Spill location 

Marine Protected Area 

Gridded Probability Output: 

100% 75% 66% 50% 33% 25% 

Interpretation of Probability 

important in determining the resolution of the results. 

A typical grid cell size for a blowout scenario is 1 x 1 km. 

Overlaying features (e.g. Marine Protected Areas) onto a probability map can be misleading when 
interpreting results.  In the example above, the gridded probability suggests that there is a 25 % probability 
of the Marine Protected Area being hit by oil.  Whereas, a context driven approach that counts the number 
of trajectory runs that enter the Marine Protected Area produces a probability of 50 % (i.e. two trajectory 
simulations out of four enter the Marine Protected Area). 

Therefore, to avoid underestimating probability a context driven approach is used when reporting results. 
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F.2.1 Worst Case Spill Scenario 

The following worst case spill scenario has been modelled for the Kyla Development: 

Subsurface blowout release from the Kyla Development well with a cumulative release of 
5,458,587.90 barrels (bbl) (867,860.89 cubic metre (m3)) of 37.8°API crude, released over a 
period of 132 days. 

F.2.2 Summary of Model Input Parameters 

The model input parameters for the Kyla Development subsea blowout scenario are detailed in Table 
F.1. 

Table F.1: Model Input Parameters for a Subsurface Blowout in the Kyla Development 

Scenario 1: Well Loss Parameters 

Loss from Well / FPSO / 
Rig (please specify) 

Kyla Development  
Subsea Well Blowout 

Instantaneous Loss? No 

Worst case volume 
5,458,587.90 bbl
(867,860.89 m3)

Will the well self-kill? 
If yes, when 

No, it is assumed a relief 
well would be required. 

Flow rate  

Declining flow rate -
starting at 49,856.60 bbl 
(7,927.20 m3) / day on

day 1, declining to 
32,853.50 bbl (5,223.71 

m3) / day on day 132 
(refer to Section F.6.4) 

Justification for 
predicted worst case 
volume 

This represents the anticipated worst case blowout scenario for the Kyla
Development in terms of both the volume of crude which would be released and the 
duration of the spill (i.e. it assumes the flow can only be stemmed by drilling a relief 
well which would take a total of 132 days to drill). 

Location 

Spill Source point 
Latitude (N/S) 

56°  N;  
Spill source point 
Longitude (E/W) 

01°  E 

Installation / Facility 
Name

Proposed Kyla
Development Well

Quad / Block 29/02 

Hydrocarbon Properties 

Hydrocarbon name Crude 

Assay available No 
Was an analogue used for 
spill modelling? 

Yes the Chayvo #6 
Crude assay was 

amended to match the 
expected Kyla Crude 

properties.

Analogue 

Name 
ITOPF 

Category 
Density API 

Viscosity at 
temp 

Pour Point 
(°C)

Wax 
Content 

(%) 

Asphaltene 
Content (%)

Amended 
Chayvo #6 

Crude 
Analogue 
(refer to 
Section 
F.6.3)

Group 2 
0.8365 

g/cm3 @ 
15°C

37.8°
19cP @ 

0°C;
4cP @ 15°C

3 7 0.15 



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: F-6

Metocean Parameters 

Sea surface 
temperature 

Winter
(Dec Feb)

7°C
Summer

(June Aug)
14°C

Spring
(Mar May)

9°C
Autumn

(Sep Nov)
10°C

Wind data 
Data period 2019  2023 

Data reference 
European Centre for Medium-Range Weather Forecasts (ECMWF) -
Reanalysis v5 (ERA5)

Current data 

Data period 2019  2023 

Data reference 
HYCOM (HYbrid Coordinate Ocean Model) general ocean circulation 
model and HYDROMAP hydrodynamic model 

Modelled Release Parameters 

Surface or Subsurface Subsurface Depth 90 m 

Release duration 132 Days Instantaneous? No 

Persistence duration 10 Days Release rate 

Declining flow rate -
starting at 49,856.60 bbl 
(7,927.20 m3) / day on 

day 1, declining to 
32,853.50 bbl (5,223.71 

m3) / day on day 132 
(refer to Section F.6.4)

Total simulation time 142 Days Total cumulative release 
5,458,587.90 bbl
(867,860.89 m3)

Subsea Release 
Parameters 
(OILMAP Deep Blowout 
Model) 

Gas to Oil Ratio (GOR) 128.2 m3/m3

Salinity and Temperature Profile Refer to Section F.6.1. 

Gas Viscosity 0.0190 Centipoise (cP) 

Gas Diffusivity 0.0000000011 m2/s 

Diameter of Release Hole 0.2204974 m 

Oil Temperature 83.90 °C

Particle Size / Velocity Distribution 
Method

Model calculated with 6 droplet size bins

No. of Runs 100 simulation runs per season 

Stochastic Parameters 

Probability grid 
(Grid Cell Size) 

Fixed Cell Size:
Cell Size (X and Y axis) = 1,000 metres (m) 
Cell Size (Z axis) = 500 m

Distribution of Mass On 
Grid Cells 

Fixed Mass (mass of spillet is placed only in the grid cell that intersects with the 
centre of the spillet, without any spreading).  Mass is not distributed to any other 
grid cells.

Minimum Thresholds 

Surface Thickness: 0.0003 millimetres (mm) 

Shoreline Thickness: 0.001 mm 

Water Column Concentration: 1.0 parts per billion (ppb) 

Oil Spill Modelling Software 

Name of software OILMAP Version 7.7.218.1528 
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F.2.3 Reporting Thresholds 

Probability and Minimum Time 

Table F.2 outlines the minimum oiling thresholds used for this study to determine the probability and 
minimum time for oiling. 

Table F.2: Minimum Oiling Thresholds used for Probability and Minimum Time Reporting 

Category Threshold Justification 

Surface 

Minimum 
Thickness of 0.3 
micrometres 
( ) 

The OPRED Guidance Notes for Preparing OPEPs for Offshore 
Oil & Gas Installations and Relevant Oil Handling Facilities 
(Revision 7: June 2022) states that model results must be 

Water Column 

Minimum 
Concentration 
of 1.0 ppb (total 
oil) 

Screening threshold for potential effects on sensitive 
organisms & socio-economic activity (e.g. seafood production) 
(Trudel, 1989; French-McCay, 2002; French-McCay, 2004; 
French-McCay, et al. 2012). 

Shoreline 
Minimum 
Thickness of 1.0 

This threshold has been selected for potential effects on socio-
economic resource uses, as this amount of oil may 
conservatively trigger the need for shoreline clean-up on 
amenity beaches.  And impact shoreline recreation and 
tourism (French-McCay, et al. 2011 and French-McCay, et al. 
2012). 

Shoreline oiling at this threshold may appear as a coat, 
patches or scattered tar. 

Surface Oiling Severity 

The surface oil thickness key in Table F.3 is derived from the Bonn Oil Appearance Code (BOAC).  
Mapping surface oil thickness by the BOAC will help determine surface oiling severity in the spatial 
context. 

Table F.3: The Bonn Agreement Oil Appearance Code 

Code Description - Appearance 
Layer Thickness 
Interval (µm)

Litres per km2 Colour 

1 Sheen (silvery/grey) 0.04 to 0.30 Note 1 40  300 

2 Rainbow 0.30 to 5.0  300  5000 

3 Metallic 5.0 to 50  5000  50,000 

4 Discontinuous True Oil Colour 50 to 200 50,000  200,000 

5 Continuous True Oil Colour More than 200 More than 200,000 

Note 1: The Oilmap outputs are modelled to a minimum of 0.30 µm as per the OPRED Guidance Notes for Preparing 
OPEPs for Offshore Oil & Gas Installations and Relevant Oil Handling Facilities (Revision 7: June 2022). 

Water Column Oiling Severity 

Table F.4 details four different thresholds for water column oiling concentrations and the effect on 
marine fauna.  The different thresholds are derived from various research papers and will help 
determine sub surface oiling severity in the spatial context. 
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Table F.4: Water Column Oil Concentration Thresholds 

Minimum 
Threshold for 
Water Column 
Oil Concentration 
(ppb)  

Justification Colour 

1 

Screening threshold for potential effects on sensitive organisms & 
socio-economic activity (e.g. seafood production) (Trudel, 1989; 
French-McCay, 2002; French-McCay, 2004; French-McCay, et al. 
2012). 

70.5 

Smit et al. (2009) calculated an EC5 for growth, reproduction and 
survival of marine organisms of 70.5 ppb THC based on laboratory 
experiments performed at IRIS (Norway). The dataset included 
organisms representing five different phyla (fish, crustaceans, 
polychaetes, echinoderms and molluscs).  The 70.5 ppb figure is the 
OSPAR recommended predicted no-effect concentration (OSPAR, 
2014). 

Shoreline Oiling Severity 

Table F.5 details three different thresholds for shoreline oiling concentrations that represent light 
oiling, moderate oiling and heavy oiling.  The shoreline oiling classifications are derived from the 
International Tanker Owners Pollution Federation Limited (ITOPF) Technical Information Paper No.6 

shoreline oiling severity in the spatial context. 

Table F.5: Shoreline Oil Thickness Thresholds 

Shoreline Oiling 
Classification  
(ITOPF, 2014) 

Thickness Threshold (mm) Concentration Colour 

Light Oiling 0.001 - <1 0.001  1 litres / m2 

Moderate Oiling 1  10 1  10 litres / m2 

Heavy Oiling >10 >10 litres / m2
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F.3.2 Stochastic Maps 

The stochastic results for the Kyla Development worst case subsea well blowout scenario were 
calculated from a total of 400 trajectory runs (100 simulations per season). The well blowout scenario 
involves the release of 5,458,587.90 bbl (867,860.89 m3) of Crude (37.8 °API) over a 132-day period.  
The model is simulated for an additional 10 days following cessation of the blowout. 

The stochastic model analysis used a 1 kilometres (km) x 1 km grid cell size.  Therefore, the mapped 
stochastic output is shown at a 1 square kilometre (km2) resolution.  The following maps are presented 
using the WGS84 coordinate system: 

Sea Surface 

Figure F.3 - Probability of oil reaching surface cells. 

Figure F.4 - Minimum arrival time of oil to surface cells. 

Figure F.5 - Maximum surface oil thickness. 

Water Column 

Figure F.6 - Probability that a water column cell could be impacted. 

Figure F.7 - Minimum arrival time of oil to water column cells. 

Figure F.8 - Maximum total water column oil concentration. 

Shoreline 

Figure F.9 - Probability that a shoreline cell could be impacted. 

Figure F.10 - Minimum arrival time of oil to shoreline cells. 

Figure F.11 - Maximum shoreline oil thickness. 

In accordance with the OPRED Guidance Notes for Preparing OPEPs for Offshore Oil & Gas Installations 
and Relevant Oil Handling Facilities (Revision 7: June 2022), the stochastic map outputs have not 
displayed surface and subsurface oiling probabilities <10 %. 
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The stochastic modelling results detailed above in Section F.3 were composed of 100 individual 
trajectory simulations per season.  The worst-case trajectory simulation for each season has been 
extracted to produce a fates analysis for the duration of the spill plus 10 days (total 142 days model 
duration). 

The worst-case oil at any 

Winter (Dec-Feb): Run No. 33 (Start Date: 03/12/2019; Start Time: 00:00), 10,225.81 tonnes 
(75,662.67 bbl or 12,030.36 m3) of oil beached. 

Spring (Mar-May): Run No. 52 (Start Date: 19/03/2021; Start Time: 15:00), 2,237.48 tonnes 
(16,555.53 bbl or 2,632.33 m3) of oil beached. 

Summer (Jun-Aug): Run No. 81 (Start Date: 05/08/2023; Start Time: 23:00), 519.96 tonnes 
(3,847.28 bbl or 611.72 m3) of oil beached. 

Autumn (Sep-Nov): Run No. 34 (Start Date: 08/11/2019; Start Time: 09:00), 6,096.93 tonnes 
(45,112.32 bbl or 7,172.86 m3) of oil beached. 

Figure F.12 displays the trajectory simulations spatially, with total swept area of surface and shoreline 
oiling at 24-hour time steps after 142 days.   

Table F.8 provides summary statistics for the trajectory simulations.  The fate of the released oil is 
consistent between seasons with the majority evaporated and degraded after 142 days.  The winter 
and autumn simulations produce the greatest impact on the shoreline.  

Table F.8: Fate Analysis Summary for Trajectory Simulations 

Se
as

o
n

Tr
aj

e
ct

o
ry

R
u

n
N

o
.

M
in

im
u

m
Ti

m
e

fo
r

Su
rf

ac
e

O
ili

n
g

M
ax

im
u

m
Su

rf
ac

e

Sl
ic

k
A

re
a Minimum 

Time for 
Shoreline 

Oiling  

Impacted 
Length of 
Coastline 
after 142 

days  

Fate of Released oil after 142 days 

(% of total release) Note 1 

A
sh

o
re

Su
rf

ac
e

W
at

e
r

C
o

lu
m

n

Ev
ap

o
ra

te
d

D
e

gr
ad

e
d

Se
d

im
e

n
t

Winter 33 2 hrs 
21,839.60

km2 643 hrs 617.16 km 0.88 0.68 16.50 40.25 41.70 0.00 
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Note 1: Refer to fates analysis graphs (Winter: Figure F.13; Spring: Figure F.14; Summer: Figure F.15; Autumn: Figure F.16) showing 
spill progression over the total simulation time of 142 days (3,408 hours). 
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F.5.1 Background 

The OILMAP Deep plume model evaluates the jet and buoyant plume of the oil and gas release near 
the well release point. Figure F.17 presents a schematic of the various stages of a subsurface release in 
the water column. The OILMAP Deep blowout model estimates the radius and location of a buoyant oil 
and gas plume in response to the release parameters and environmental characteristics, tracking the 
development of the plume until the point where the integrated density of the plume matches the 
ambient density, through entrainment of surrounding seawater in the stratified ocean. At this depth, 
the plume buoyancy has decreased to an extent that the oil and gas mixture no longer rises. At this 
stage the blowout model outputs the locations, volumes, and droplet sizes of the released oil droplets, 
which then become input to the oil trajectory and fate model. 

Figure F.17: Stages of a deep-water blowout plume 

Blowout Description 

In a subsurface well blowout, discharged materials consisting of a mixture of gaseous and liquid 
hydrocarbons go through three phases, namely (1) momentum jet, (2) buoyant plume, and (3) oil 
droplets free-rise and advection-diffusion (Zheng et al., 2003), (as illustrated schematically in Figure 
F.17): 

Phase 1 momentum jet: The difference between the pressure immediately inside the well and 
that of the ambient water drives the discharge in a momentum jet exiting the blowout orifice. 
The momentum of the jet dissipates relatively quickly as it entrains surrounding water, and 
hence the jet zone is always confined to the immediate vicinity of the wellhead, or blowout 
site (typically on the order of metres, depending on the release hole size). At the blowout 
opening, the oil in the release is exposed to significant turbulent energy, resulting in the break-
up of oil into small droplets. These droplets (typically micrometres to millimetres in diameter) 
are transported upward with the rising plume. 

Phase 2 buoyant density plume: As the discharge moves upward, the density difference 
between the gas bubbles (and to a lesser extent, oil droplets) in the plume and the ambient 
waters results in a buoyant force which drives the plume. As the plume rises, it continues to 
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buoyancy. The plume gas is in the form of bubbles which are subject to dissolution based on 
Zheng and Yapa (2002) which serves to reduce the buoyancy. If the ambient currents are 
strong enough the plume may bend as shown in Figure F.17. Gas bubbles may also separate 

be transported upwards with the plume, but their individual rise velocities contribute little to 
their upward motion. 

Phase 3: oil droplets free-rise and advection-diffusion: When the plume reaches the sea 
surface or its termination or trap height (all plume buoyancy is lost), it can be deflected in a 
radial pattern, within a horizontal flow zone, without appreciable loss of momentum. This 
radial flow carries the oil particles rapidly away from the centre of the plume, while the 
velocity and oil concentrations in this flow zone decrease with distance from the plume 
centreline of the release. Subsequently, oil particles ascend to the surface solely driven by 
their own buoyancy. Rise velocities of oil droplets are much slower than the velocity of a 
buoyant gas-liquid plume, resulting in particle transport that may take considerably longer to 
reach the surface and moving further (horizontally) from the release site because of ambient 
currents. 

Of the three phases described above, the OILMAP Deep plume model simulates only Phase 2, the 
buoyancy driven portion. The assumption is that Phase 1, the momentum jet, is very limited in distance 
from the release (a few times the diameter of the discharge hole) and hence relatively insignificant in 
the prediction of the overall plume development and the trap height. Phase 3, the passive oil droplet 
transport and fate, is simulated using the OILMAP Trajectory and Fates model (far-field oil particle 
transport and fates). 

F.5.2 Blowout Plume (Near-field Modelling Results) 

The key inputs for the OILMAP Deep near-field model include the well release rate, GOR, diameter of 
release hole, and a vertical profile of water temperature and density. 

For the Kyla Development blowout scenario, the GOR was 128.2 m3/m3 and the diameter of release 
hole was 0.2204974 m. The water temperature and density profile used in the model for the Kyla 
Development location is displayed in Figure F.23. 

The near-field modelling results provide a description of the plume characteristics, including the plume 
location (namely plume trap height), plume geometry (plume radius), and the release droplet size 
distribution. The results of the near-field model are then used to provide the initial conditions for the 
stochastic and deterministic far-field modelling in OILMAP Trajectory and Fates model, including: 

Termination height (trap height) of the plume; 

Diameter of the plume; and  

Oil droplet size distribution. 

Table F.9 presents a summary of the OILMAP Deep plume modelling results from the Kyla Development 
well blowout scenario by season. There is very little variation in plume formation and behaviour as well 
as oil droplet formation between seasons. 
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Table F.9: Predicted blowout plume characteristics for the Kyla Development well blowout scenario 
by season 
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Winter 89.55 m 
33 

seconds 
6.58 m 

44.091 
ppm 

0.006 
mol/m3 36.97 356.65 150.28 

Spring 89.55 m 
33 

seconds 
6.59 m 

44.433 
ppm 

0.006 
mol/m3 37.10 357.83 150.78 

Summer 89.55 m 
33 

seconds 
6.62 m 

43.242 
ppm 

0.006 
mol/m3 36.69 353.90 149.12 

Autumn 89.55 m 
33 

seconds 
6.58 m 

41.768 
ppm 

0.005 
mol/m3 36.22 349.35 147.20 

Note 1: The oil droplet size distribution is as a histogram in Figure F.19. 
Note 2: ppm = parts per million. 
Note 3: mol = moles. 

Figure F.18 shows the modelled plume width (positive and negative radius) as a function of the height 
above the seabed. Across all seasons, the plume exhibits a symmetrical widening from the release 
point, reaching a maximum width of approximately 13 m. The plume reaches a termination point just 
below the sea surface (89.55 m above the seabed release location). 

The plume centreline velocity defines the vertical movement of the mixture of gas, oil, and water along 
the centre of the plume. The model shows that the centreline velocity of the plume remains relatively 
consistent, with peak rise values ca. 6 m/s at depth before a gradual reduction with elevation, where 
plume momentum is dissipated through entrainment and mixing. A slight increase in the plume 
centreline velocity is evident close to the sea surface, caused by the interaction with background 
current shear rather than a true physical acceleration of the plume (Figure F.18). The plume reaches its 
maximum termination height (89.55 m) after 33 second for all seasons (Table F.9). 

Oil concentrations along the plume centreline are highest immediately above the release point  
(ca.40 ppm) and decline rapidly with height, approaching negligible values before the upper extent of 
the model domain (Figure F.18). 

Seasonal variability in plume width, velocity, and concentration is minimal, indicating that near-field 
plume behaviour is largely unaffected by seasonal changes in oceanographic conditions. The near-field 
modelling results indicate that seasonal stratification is not a dominant control on plume behaviour or 
trap height. The plume rise appears to be controlled primarily by the release momentum and buoyancy 
flux and by turbulent entrainment, while background tidal and wind-driven mixing in the central North 
Sea is sufficient to prevent persistent trapping or strong deflection of the plume by seasonal density 
layers. As a result, the near-field plume geometry and predicted centreline oil concentrations are 
similar across seasons and potential environmental effects in the immediate vicinity of the release point 
are expected to be broadly consistent year-round. 
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The OILMAP Deep near-field modelling also calculates the oil droplet size distribution generated by the 
blowout. The oil droplets fall out of the plume at termination height and are used in the far-field oil 
trajectory and fate model (refer to Section F.5.1 and Figure F.17). This oil droplet size distribution has 
a profound effect on how oil is transported after the initial plume, as the droplet size dictates how long 
the oil droplet will remain suspended in the water column. Larger droplets are more buoyant and rise 
relatively quickly to the sea surface, while smaller droplets remain entrained in the water column for 
longer periods and ascend more slowly. Figure F.19 shows the model-estimated droplet size 
distribution. The minimum, maximum and median oil droplet sizes are presented in Table F.9. Oil 
droplet sizes <200 µm account for 61.4% of the spill volume, these droplet sizes are associated with 
high turbulence and rise very slowly to the sea surface resulting in prolonged water column 
entrainment. Oil droplets <70 µm (accounting for ca. 16 % of the spill volume) do not rise to the surface 
and remain within the water column. Oil droplet sizes >200 µm and <1,000 µm account for 38.6 % of 
the spill volume, these droplet sizes are associated with an intermediate turbulent energy and will rise 
at a quicker rate (Delvigne and Sweeny, 1988).

The maximum oil droplet size across all seasons modelled was 357.83 µm; a droplet this size was found 
to surface within 2-hours of dropping out of the plume.

Figure F.19: Oil Droplet Size Distribution

F.5.3 Oil in the Water Column (Far-field Modelling Results)

Of the trajectory modelling detailed in Section F.4, the Spring Trajectory Run No. 52 was identified as 
having the greatest surface and subsurface oiling within UK waters (refer to Table F.8). Therefore, the 
Spring Trajectory Run No. 52 has been selected to show the oil concentration and transport in the 
vertical water column.

Figure F.20, Figure F.21 and Figure F.22 show the oil concentration in the vertical water column at the 
1, 25-, 50-, 75-, 100- and 142-day model time stamps. The cross-section line (282 km in length)
intersects with the release location to the nearest point on land. The vertical profile model 
demonstrates that the highest oiling concentrations (>10,000 ppb) are found in the upper water 
column and only occur near the release location. The vertical profile model for Spring Trajectory Run 
No. 6 was representative for all seasons.
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F.6.1 Metocean Data 

Current and Tidal Data 

To capture the complex nature of the regional and coastal circulation for the areas near to the UK, two 
different current datasets are provided which can be combined to simulate an oil spill (refer to  
Table F.10): 

A regional dataset (HYDROMAP) that captures the general mesoscale circulation (HYCOM); 

A higher resolution dataset developed by RPS to capture the tidal circulation important in the 
coastal areas. 

Table F.10: Current dataset details used for the modelling 

Parameter Global Regional tidal 

Name of Dataset HYCOM (GLBy0.08/expt_93.0) HYDROMAP 

Owner/Provider 
Naval Research Laboratory 

(USA) 
RPS 

Bathymetry GEBCO GEBCO 

Wind Forcing NAVGEM (USA) No 

Tides No Yes 

Horizontal Grid Size 0.08° x 0.04° ~300m to 9km 

Hindcast Period 
2019 - 2023 

phase and amplitude 

Output Frequency Daily 30-minute processing 

Global Current dataset  HYCOM analysis 

Current data was obtained from the HYCOM + Navy Coupled Ocean Data Assimilation (NCODA) Global 
1/12° analysis (Table F.10) which captures the oceanic large-scale tidal residual circulation. Details of 
the data assimilation procedure are described in Cummings and Smedstad (2013) and Cummings 
(2005). Forcing data for the model comes from the NAVy Global Environmental Model (NAVGEM). The 
analysis is composed of 3-D temperature, salinity, sea surface height, zonal velocity and meridional 
velocity fields. Ocean dynamics including geostrophic, and wind driven currents are reproduced by the 
model. The most recent version of the model GLBu0.08/expt_19.1  which includes data from January 
2019 to December 2023. However, as this version of HYCOM does not include tidal information, a 
separate model (HYDROMAP Tidal Model) was used to supplement HYCOM and generate tidal currents. 

Tidal Currents  HYDROMAP Tidal Model 

HYDROMAP, a hydrodynamic model (Table F.10) developed by RPS, was used to reproduce the local 
circulation due to tides around UK. It is a globally re-locatable hydrodynamic model (Isaji, et al., 2001a, 
2001b) capable of simulating complex circulation patterns due to tidal forcing, wind stress, and 
freshwater flows. The framework used by HYDROMAP, employs a novel step-wise-continuous-variable-

-
implies that the boundaries between successively smaller and larger grids are managed in a consistent 
integer step. This model has been applied in numerous sediment dispersion and transport studies in 
the U.S. and worldwide. 

HYDROMAP can be used to make constant cyclical current fields for each component of the circulation 
separately. These cyclical current fields in the form of tidal ellipses are saved in CIR file. Once generated, 
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the CIR file can be combined with the HYCOM circulation to present a complete hydrodynamic dataset 
for the oil spill simulation. 

Wind Data 

Wind model output were obtained from the ECMWF Reanalysis Product for a 5-year period (2019 to 
2023), as described in Table F.11. The ECMWF provides the ERA5 reanalysis product that includes wind 
hindcast data on a global scale. The data are generated using an atmospheric model with data 
assimilation and distributed on a grid with 0.25° horizontal resolution. ERA5 covers the period of 
January 1st, 1979, to present time. Gridded data products include a large variety of surface parameters, 
describing atmospheric as well as ocean-wave and land-surface conditions (Dee et al., 2011). 

Table F.11: Wind dataset details used for the modelling 

Name of Dataset ERA5 

Coverage -20°E to 30°E and 40°N to 72°N

Owner/Provider ECMWF 

Horizontal Grid Size 0.25°x0.25°

Hindcast Period 2019 - 2023 

Time Step 6-hour 
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Temperature and Salinity Data 

Figure F.23 presents a salinity and temperature plot against depth for the modelled location per season. 

Figure F.23: Salinity and Temperature plot against depth for each modelled season at the Kyla 
Development release location 

F.6.2 Model Domain Setup 

Bathymetry 

General Bathymetric Chart of the Oceans (GEBCO) ESRI ASCII files (GEBCO_2024 Grid) were retrieved 
from https://download.gebco.net and inputted into the OILMAP Land-Water domain grid. 

The GEBCO_2024 Grid was released in July 2024. It provides global coverage of elevation data, in 
meters, on a 15 arc-second interval geographic grid and consists of 43200 rows x 86400 columns, giving 
3,732,480,000 data points. The data values are pixel-centre registered i.e. they refer to elevations, in 
meters, at the centre of grid cells. (Harper 
& Sandwell, 2024; Tozer et al., 2019) largely between latitudes of 50° South and 60° North. This data 
set is a fusion of land topography with measured and estimated seafloor topography. The SRTM15+ 
base grid has been augmented with the gridded bathymetric data sets developed by the four Seabed 
2030 Regional Centres to produce the GEBCO_2024 Grid. The Regional Centres have compiled gridded 
bathymetric data sets, largely based on multibeam data, for their areas of responsibility. These regional 
grids were then provided to the Global Centre. 
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F.6.3 Hydrocarbon Characteristics 

The components found in crude oil are classified into two main groups: hydrocarbons and non-
hydrocarbons (refer to Figure F.25). If oil is rich in C1-12 alkanes, it is particularly light, as these are 
lighter components than the C25+ alkanes. Conversely, if oil contains high quantities of C25+ alkanes, 
resins and asphaltenes, it is heavy. 

Figure F.25: The chemical composition of oil 

The chemical composition of oil is important when predicting how it will break down or weather. For 
example, oil containing mostly light components is likely to lose a greater volume to evaporation than 
heavy oil. Oils with carbon chains exceeding 15 (C15+) cannot evaporate. Long chains (for example, 
C25+ alkanes) take a long time to degrade in the water column. Asphaltenes can increase the stability 
of oil, allowing it to take up water but preventing the oil and water emulsion from breaking down. 

Ultimately, the fate of oil depends on its physico-chemical properties, which are accounted for in the 
in the modelling input data. OILMAP (Version 7.7) includes the most up-to-date oil database from RPS. 
This Master Database includes all the necessary oil property information to run the new oil spill model. 
The parameters stored in the oil database control the 
mousse formation during spill simulations. Any of the parameters can be changed and new oils can be 
added to the data base. 

Oil Matching and Creation 

The parameters described in Table F.12 represent the minimum data required to model a specific oil 
using OILMAP. Note that these properties are for dead oils and condensates (i.e., without gas). OILMAP 
does not evaluate dissolution, and so aromatic composition data are not needed for OILMAP. 

The API gravity is the most important parameter for oil creation and matching. API Gravity, like specific 
gravity, is a ratio between the densities of oil and water. Unlike specific gravity, API gravity is only used 
to describe oil, which it characterises as follows: 

Light oil: API >31.1°

Medium oil: API between 22.3° and 31.1°

Heavy oil: API <22.3°

Extra heavy oil: API <10°



Serica Energy Chinook Limited: Kyla Field Development Environmental Statement 

KYL-SECL-HSE-DOC-0001 Page No: F-57

API Gravity is converted to Specific Gravity using the following formula: 

API Gravity = (141.5 / Specific Gravity)  131.5 

An API of 10° is equivalent to water, so oils with an API above 10° will float on water while oils with an 
API below 10° will sink. 

The reliability of oil behaviour can be improved by additional data described in Table F.13. When this 
additional data is available its inclusion can bolster model predictive power. Asphaltene, wax and resin 
content are used to predict if the oil will emulsify. If the oil is known to emulsify, these data are not 
necessary (assumptions may be made). Although proxies can be used when data are unavailable, 
reliance on such proxies will necessarily introduce additional assumptions and model reliability may 
decrease depending on the omitted data. The properties described in Table F.13 will augment the 
simulation of weathering and emulsion formation.

Table F.12: Minimum data required to run oil spill models in OILMAP 

Property of Oil Units Common Range 
Prediction for the Kyla 
Development (client supplied data) 

API or Density at 
specified temperature 

Grams per 
cubic 
centimetre 
(g/cm3) or 
API 

0.7-1.1 g/cm3

Density from K14 Production Well 
Test. Crude Oil Sample: ACL 2005 
0092b (3.04). 

SG = 0.8365 @ 15°C 

API = 37.8°

Dynamic viscosity at 
specified temperature 

Centipoise 
(cP) 

1  30,000 cP 

Viscosity from K14 Production Well 
Test. Crude Oil Sample: ACL 2005 
0092b (3.04). 

11.053 cP @ 20°C 

Boiling Curve (True 
Boiling Point 
Distribution) 

Fraction by 
mass or 
volume @ °C 
or °F

0  0.99 Unknown 

Does the oil emulsify? Yes or No Yes or No No 

Table F.13: Other useful data to run oil spill models in OILMAP (to improve reliability, not mandatory) 

Property of Oil Units Common Range 
Prediction for the Kyla 
Development (client supplied data) 

A second Density at a 
second specified 
temperature 

g/cm3 or API 0.7-1.1 g/cm3 Unknown 

A second Viscosity at 
a second specified 
temperature 

Centipoise 
(cP) 

1  30,000 cP Unknown 

Maximum Water 
Content of emulsions 

Percentage 0  80% Oil not expected to form emulsions. 

Interfacial Tension 
(IFT): oil-brine and/or 
oil-fresh water 

Dynes 
(mN/m) 

0  50 Unknown 

Pour Point °C 
-63  >5 °C (semi-
solid) 

Pour point from K14 Production Well 
Test. Crude Oil Sample: ACL 2005 
0092b (3.04). 
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Property of Oil Units Common Range 
Prediction for the Kyla 
Development (client supplied data) 

+3°C 

Asphaltene content 
Concentration 
percentage 

0  25 % 

Asphaltene content C7 (% wt) from 
29/2c-8z Exploration Well Test. 
Crude Oil Sample: ACL 971294. 

0.15 % 

Resin Content 
Concentration 
percentage 

0  25 % Unknown 

Wax Content 
Concentration 
percentage 

0  12 % 

Wax content (% wt) from 29/2c-8z 
Exploration Well Test. Crude Oil 
Sample: ACL 971294. 

7 % 

The main physical properties that affect the behaviour and the persistence of an oil spilled at sea are 
specific gravity / API, distillation characteristics, vapour pressure, viscosity and pour point. All are 
dependent on chemical composition, such as the proportion of volatile components and the content 
of asphaltenes, resins and waxes. Of note, oil emulsification will generally only take place if the 
asphaltene content is greater than 0.5 %. Importantly, the formation of water-in-oil emulsions reduces 
the rate of weathering processes and is the main reason for the persistence of light and medium oils 
on the sea surface and shoreline. 

The hydrocarbon properties expected from the proposed Kyla Development are anticipated to 
resemble a ITOPF Group 2 crude oil that does not form a stable emulsion. 

Kyla 
Development because it is compositionally a non-emulsifying crude oil (refer to Table F.14 for the key 
properties). For the purposes of the Kyla Development oil spill modelling study, the analogue has been 
amended where data is available (refer to Table F.12 and Table F.13) to fine tune the API gravity / 
density, pour point and wax content parameters. The amended analogue is shown in Table F.14. 
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F.6.4 Declining Flow Rate

Figure F.26 shows the high case open hole flow rate from the Kyla K14 well for 132 days. The worst-
case oil flow rate starts at 7926.70 m3/day (49,856.60 bbl/day) on day 1 of the spill scenario and 
declines to 5223.38 m3/day (32,853.50 bbl/day) after 132 days. The total cumulative release of oil after 
132 days is 867,860.89 m3 (5,458,587.90 bbl).

Figure F.26: Declining flow rate for the Kyla K14 Well (Reservoir Case = High) (132 days)

Table F.15 displays the declining flow rate data at 24-hour intervals which was input into the OILMAP 
modelling software.

Table F.15: Variable Flow Rate (VFL file) Model Input Data

Time (Hours)
Declining flow rate for the K14 well

(Reservoir Case = High) (132 days) (bbl)

24.00 49856.60

48.00 49784.50

72.00 49712.30

96.00 49640.00

120.00 49567.60

144.00 49211.30

168.00 48846.60

192.00 48484.20

216.00 48124.20

240.00 47774.30

264.00 47537.20

288.00 47301.20

312.00 47066.30

336.00 46832.40

360.00 46599.70

384.00 46431.40
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Time (Hours) 
Declining flow rate for the K14 well 

(Reservoir Case = High) (132 days) (bbl) 

408.00 46264.20 

432.00 46097.60 

456.00 45931.50 

480.00 45766.00 

504.00 45622.10 

528.00 45483.80 

552.00 45346.00 

576.00 45208.50 

600.00 45071.40 

624.00 44940.80 

648.00 44824.90 

672.00 44709.20 

696.00 44593.80 

720.00 44478.70 

744.00 44363.90 

768.00 44263.20 

792.00 44163.80 

816.00 44064.60 

840.00 43965.50 

864.00 43866.70 

888.00 43767.60 

912.00 43668.40 

936.00 43569.50 

960.00 43470.80 

984.00 43372.30 

1008.00 43275.40 

1032.00 43183.80 

1056.00 43092.30 

1080.00 43001.10 

1104.00 42910.10 

1128.00 42819.20 

1152.00 42735.00 

1176.00 42654.30 

1200.00 42573.80 

1224.00 42493.50 

1248.00 42413.30 

1272.00 42333.30 

1296.00 42650.50 

1320.00 43081.40 

1344.00 43516.20 
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Time (Hours) 
Declining flow rate for the K14 well 

(Reservoir Case = High) (132 days) (bbl) 

1368.00 47442.00 

1392.00 46629.30 

1416.00 45830.30 

1440.00 45044.00 

1464.00 44271.80 

1488.00 43512.80 

1512.00 43203.80 

1536.00 43001.40 

1560.00 42800.00 

1584.00 42599.80 

1608.00 42400.60 

1632.00 42229.00 

1656.00 42090.60 

1680.00 41952.70 

1704.00 41815.40 

1728.00 41678.60 

1752.00 41542.40 

1776.00 41433.50 

1800.00 41334.80 

1824.00 41236.50 

1848.00 41138.40 

1872.00 41040.60 

1896.00 40943.90 

1920.00 40851.50 

1944.00 40759.40 

1968.00 40667.50 

1992.00 40575.90 

2016.00 40484.60 

2040.00 40398.30 

2064.00 40316.50 

2088.00 40235.00 

2112.00 40153.70 

2136.00 40072.70 

2160.00 39991.90 

2184.00 39897.70 

2208.00 35176.20 

2232.00 35100.30 

2256.00 35024.70 

2280.00 34949.20 

2304.00 34876.90 
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Time (Hours) 
Declining flow rate for the K14 well 

(Reservoir Case = High) (132 days) (bbl) 

2328.00 34809.90 

2352.00 34743.10 

2376.00 34676.50 

2400.00 34610.10 

2424.00 34543.80 

2448.00 34477.60 

2472.00 34397.90 

2496.00 34318.60 

2520.00 34239.50 

2544.00 34160.60 

2568.00 34082.00 

2592.00 34004.10 

2616.00 33929.10 

2640.00 33854.30 

2664.00 33779.70 

2688.00 33705.40 

2712.00 33631.20 

2736.00 33557.30 

2760.00 33921.50 

2784.00 34302.70 

2808.00 34687.90 

2832.00 35212.00 

2856.00 35907.10 

2880.00 36070.80 

2904.00 35608.30 

2928.00 35153.20 

2952.00 34705.20 

2976.00 34264.30 

3000.00 33830.30 

3024.00 33550.60 

3048.00 33432.20 

3072.00 33314.40 

3096.00 33197.20 

3120.00 33080.70 

3144.00 32964.70 

3168.00 32853.50 

Cumulative Oil Release  5,458,587.90 
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This appendix presents the range of potential reserve volumes for Kyla (oil, gas and water production figures) as 
follows: 

Table G.1  P10, High case (based on a one well development scenario) 

Table G.2  P50, Mid case (based on a one well development scenario) 

Table G.3  P90, Low case (based on a one well development scenario) 

As a comparison, Table G.4 presents the Kyla oil and gas production figures as presented in the Field 
Development Plan (FDP).  Where the FDP data has been converted for use in this ES, the following conversion 
factors have been used: 

1 m3 = 6.2898 bbl 

1 m3 = 0.83432 tonnes 

1 m3 = 3.53147 * 10-5 mmscf 

Table G.1: Kyla Oil, Gas and Water Production Volumes, High case 1,2

Year 
Oil  

(tonnes/d)
Oil 

(m3/d) 
Oil 

(bbl/d) 
Gas  

(m3/d) 
Gas  

(MMscf/d)
Water 

(m3/day) 
Water  
(bbl/d) 

2028 416 498 3,133 66,564 2.4 2 14 

2029 928 1,112 6,997 144,720 5.1 11 69 

2030 795 953 5,997 120,940 4.3 64 403 

2031 636 762 4,794 95,705 3.4 155 972 

2032 541 649 4,080 81,265 2.9 224 1409 

2033 472 566 3,562 70,684 2.5 261 1644 

2034 431 517 3,249 64,194 2.3 296 1862 

2035 400 480 3,018 59,288 2.1 333 2097 
1 P10 (High case) is defined as the highest estimate of recoverable and/or potentially recoverable volumes from the Kyla 
Development based on a one well development scenario. There is a 10% probability that recovered volumes will meet or 
exceed the high case estimate. 
2 Production values presented in this table have been rounded up to the nearest integer. All calculations in Appendix E were 
undertaken using the original unrounded data. Reproduction of calculations using the rounded figures in the above table 
may therefore result in minor discrepancies. 

Table G.2: Kyla Oil, Gas and Water Production Volumes, Mid case 1,2

Year 
Oil  

(tonnes/d)
Oil 

(m3/d) 
Oil 

(bbl/d) 
Gas  

(m3/d) 
Gas  

(MMscf/d)
Water 

(m3/day) 
Water  
(bbl/d) 

2028 383 459 2,885 60,092  2.1 2 14 

2029 722 865 5,442 110,471 3.9 13 83 

2030 604 724 4,555 90,770 3.2 41 259 

2031 459 550 3,462 67,981 2.4 111 695 

2032 364 436 2,743 53,565 1.9 176 1,105 

2033 301 361 2,269 44,195 1.6 212 1,332 

2034 267 320 2,015 39,176 1.4 242 1,522 

2035 249 298 1,875 36,355 1.3 271 1,704 
1 P50 (Mid case) is defined as the best estimate of recoverable and/or potentially recoverable volumes from the Kyla 
Development based on a one well development scenario. There is a 50% probability that recovered volumes will meet or 
exceed the mid case estimate. 
2 Production values presented in this table have been rounded up to the nearest integer. All calculations in Appendix E were 
undertaken using the original unrounded data. Reproduction of calculations using the rounded figures in the above table 
may therefore result in minor discrepancies. 
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Table G.3: Kyla Oil, Gas and Water Production Volumes, Low case 1,2

Year 
Oil  

(tonnes/d)
Oil 

(m3/d) 
Oil 

(bbl/d) 
Gas  

(m3/d) 
Gas  

(MMscf/d)
Water 

(m3/day) 
Water  
(bbl/d) 

2028 128 153 963 20,626 0.7 3 19 

2029 264 317 1,992 42,467 1.5 7 43 

2030 248 298 1,873 39,841 1.4 7 44 

2031 239 286 1,799 38,228 1.4 7 46 

2032 237 284 1,787 37,923 1.3 8 50 

2033 230 276 1,734 36,741 1.3 9 55 

2034 230 276 1,733 36,680 1.3 10 65 

2035 233 279 1,758 37,201 1.3 13 82 
1 P90 (Low case) is defined as the lowest estimate of recoverable and/or potentially recoverable volumes from the Kyla 
Development. There is a 90% probability that recovered volumes will meet or exceed the low case estimate. 
2 Production values presented in this table have been rounded up to the nearest integer. All calculations in Appendix E were 
undertaken using the original unrounded data. Reproduction of calculations using the rounded figures in the above table 
may therefore result in minor discrepancies. 

Table G.4: Kyla Oil and Gas Production Volumes (Low, Mid and High case) as reported in the FDP 

Kyla Low case Mid case High case 

1 Well Oil Gas Oil Gas Oil Gas 

Year Kte mmstb ksm3 bscf kte mmstb ksm3 bscf kte mmstb ksm3 bscf

2028 47 0.35 7,549 0.27 140 1.06 21,994 0.78 152 1.15 24,362 0.86

2029 96 0.73 15,500 0.55 263 1.99 40,322 1.42 339 2.55 52,823 1.87

2030 91 0.68 14,542 0.51 221 1.66 33,131 1.17 290 2.19 44,143 1.56

2031 87 0.66 13,953 0.49 168 1.26 24,813 0.88 232 1.75 34,932 1.23

2032 87 0.65 13,880 0.49 133 1.00 19,605 0.69 198 1.49 29,743 1.05

2033 84 0.63 13,410 0.47 110 0.83 16,131 0.57 172 1.30 25,799 0.91

2034 84 0.63 13,388 0.47 98 0.74 14,299 0.50 157 1.19 23,431 0.83

2035 85 0.64 13,578 0.48 91 0.68 13,270 0.47 146 1.10 21,640 0.76

Total 661 4.98 105,801 3.74 1223 9.22 183,565 6.48 1687 12.72 256,874 9.07


